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NEW VERY HIGH SLOPE SCREENED HF PENTODE 


EDISWAN MAZDA 6F24 


The 6F24 has a slope of 15 mA/V at 10 mA anode current and 
a high “Figure of Merit,” both results achieved by incorporating 
the new frame grid technique. This new screened HF Pentode 
enables improved performance to be obtained as an IF amplifier 
in a.c. or a.c./d.c. television receivers. 
Heater Voltage (volts) Vi 6.3 
Heater Current (amps) Ih 0.3 


TENTATIVE RATINGS AND DATA 
Maximum Design Centre Ratings 
Anode Dissipation (watts) Pa (max) 2.5* 
Screen Dissipation (watts) Px2 (max) 0.8* 
Anode Voltage (volts) Va (max) 250 
Screen Voltage (volts) V2 (max) 250 
Heater to Cathode Voltage (volts rms) Vob-k (max) rms 150t 
Control Grid to 
Cathode Resistance (megohms) Rgi-& (max) 0.6 
*With grid to cathode resistance not exceeding 10 kQ. 
From cathode to higher potential heater pin. 
With Pa (max) = 2 W3 peo max) = 0.5 W; and assuming a common 
anode and screen decoupling resistance. <_ 2.2 k 2 + 10%. 


Inter-Electrode Capacitances (pF)§ 
Input Capacitance ci 
Output Capacitance Cout 
Grid | to Anode Cgl-a 
Grid 1 to Grid 3 Cgi-g3 
Grid 1 to Grid 2 Cel-g2 
Grid 1 to Cathode Cgi-k 
Grid 2 to Anode Cy2-a 
Grid 3 to Anode Cg3-a 
§Measured in fully shielded socket, without can. 
TYPICAL OPERATION 
Anode Voltage (volts) Va 
Screen Voltage (volts) Viz 
Self Bias Resistance (ohms) Rx 
Anode Current (mA) In 
Screen Current (mA) Iya 
Mutual Condtctance (mA/V) 2m 
Inner Amplification Factor (g, to gz) Ugl-g2 
Equivalent Grid Noise Resistance (ohms) Req 
Input Loss at 38 Mc/s (Pins 1 and 3 
strapped) (kQ2) Te1-k (w) 
Working Input Capacity** measured at 
38 Mc/s (pF) Cin (w) 
Change in Input Capacity produced by 
biasing valve to cut-off, measured at 
38 Mc/s (pF) Acin (w) 3.4 
Figure of Merittt (Valve only) (Mc/s) 375 
Effective Figure of Merit (Valve and 
Circuit) (Mc/s) 220 
**Inter-electrode capacity with holder capacity balanced out. 
ttGiven by —8= * 10° 
2nV Cin (w) Cout 
further details (Wireless World July 1958). 


Base: BoA (Noval) Mounting Position: Unrestricted 
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see “Aspects of Design’ No. | for 
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Maximum Dimensions (mm) 
Overall Length 
Seated Height 
Diameter 


Associated Electrical industries Ltd 
Radio and Electronic Components Division 

Technical Service Department 

155 Charing Cross Road, London, W.C.2 

Tei: GERrard 9797 Grams: Sieswan, Westcent, London 
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Special plant? Not necessarily. In many cases normal compression moulding will do. Here is a material with 
outstanding qualities and a tremendous potential. Write for further details. 
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electrical components 


Our long experience in the design and 
manufacture of electrical components enables 
us to offer a wide range of products 

designed to meet with the many requirements 
of the electronic industry today. 





This fixed frequency oscillator is constructed on a standard 
octal base and encapsulated in epoxy resin. Slight tuning 
either side of the fundamental frequency is provided by 
means of an adjustable core. Output: 10 mw into a 600 ohm. 
load. Frequency: As required within the range 700-2,000 
c.p.s. sinusoidal. 


On the left is an astatic wound A.F. screened line transformer 
with the windings encapsulated in epoxy resin. The 
insulation of the ‘line’ winding provides isolation against 
voltages of 30 KV RMS. 


WHITELEY ELECTRICAL RADIO CO. LTD. 
Mansfield, Notts. Telephone: Mansfield 1762/5 
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99-9999 % 


The production of semiconductors and of intermetallic compounds for thermoelectric 
devices has resulted in a demand for very high purity metals. To meet these 
developments, The Consolidated Mining & Smelting Co. of Canada Ltd., is producing 
the following metals to purities of the order of 99.9999%, : 


BISMUTH * CADMIUM * INDIUM * LEAD - SILVER ~ ZINC 
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These ‘‘TADANAC” Brand metals are available in the United Kingdom and Europe from 


HENRY GARDNER 


AND COMPANY LIMITED 
2 METAL EXCHANGE BUILDINGS » LEADENHALL AVENUE * LONDON ° E.C.3 
Telephone: MANsion House 4521. 


whose Technical Service Department, backed by the full resources of the producers’ 
Research Division, will welcome enquiries. 
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These famous 


TROPICALISED 
POTENTIOMETERS 


EX - STOCK 


TYPE ‘H’ 

robust, fully sealed—type approved for 
RCS.112A RCC. 122 patterns RVC3 and 
4. Stock values from 500 ohms to 2-5M 
power rating |} watts, maximum work- 
ing voltage 750 D.C. 

Body diameter 1-562 inches 
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LA'S 


for 


WIDEST 
RANGE 


AND 


FASTEST 
SERVICE 


SS... 


1 erevessee tan 


QQ WW ’7F> 


QQ5p gg 


DTBRD_O 


TYPE ‘LH’ 

fully sealed miniature version of Type 
H. RCSC Type approved to patterns 
RVCI and 2. 

Stock values from 500 ohms to 3M, 
power rating 4 watt, maximum work- 
ing voltage 750 D.C. 

Body diameter 0-969 inches 
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TYPE ‘By’ 


for use where very small size and light 


IQ (GQ 


weight are desirable. Fully sealed for 


GG 


tropical use. Stock value from 500 ohms 


WN 


to 3M, power rating 4 watt, maximum 
working voltage 750 D.C. 
Body diameter 0-781 inches 
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THE RADIO RESISTOR CO. LTD. 


9-11 PALMERSTON ROAD, WEALDSTONE 
HARROW, MIDDLESEX 
Telephone: HARrow 6347 


QQ WY 
SQ GQ 


XS 
SS 


MY 
KG 


IQQY 
SX 


MMMM) 


ELECTRONIC ENGINEERING MARCH 1961 





EE 31 009 for further details 


MICROPHONE AMPLIFIER 
for ULTRASONIC WORK 


The MICROPHONE AMPLIFIER 
TYPE 2604 is designed for wide 
band and ultrasonic measurements. 
Measurement of sound pressure is 
possible in the frequency range 10 c/s 
to 200000 c/s. 


The MICROPHONE AMPLIFIER 
TYPE 2604 features: 
Wide frequency range: 
10 c/s to 200000 c/s. 
High sensitivity: 
Full scale deflection for 100 uV 
to 1000 Volts. 
Low phase distortion. 
True RMS, Peak,and Avarage indication. 
High input impedance: 
1.1 MQ paralilelied by 30 uuF. 
Low output impedance: 
Smaller than 50 2. 


The Microphone Amplifier, furthermore, 
incorporates the internationally stan- 
dardized weighting networks for sound 
level measurements. 


For further information phone or write to 


oa 
2 
Adr.: NARUM, DENMARK - Teleph.: NAERUM 800500 - Cable: BRUKJA, COPENHAGEN 
SALES AND SERVICE: B & K Laboratories, 4 TILNEY STREET, PARK LANE, W.! 
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WHAT A SAVING 
on Short and Medium Run 
Piercing Jobs! 





BRITISH 


WIEDEMANN Tooling 


Rounds, squares, ovals, clusters and shapes—you use the 
same tools for every piercing job with similar openings. 
Every tool is ready for instant use: 

no setting—always in accurate alignment. 

The Wiedemann method saves time and expense in other 
ways, too—reducing handling and eliminating 

marking out and hand finishing. So why delay longer? 
Find out more about this economical method today. 





There's a 

WIEDEMANN Turret Punch Press 
for every short and medium run 
piercing job. 


Hand or power —!/ 5,000 to 160,000 Ib. 
punching pressure. 


~DOWDING & DOLL LTD 


346 KENSINGTON HIGH STREET, LONDON, W.14 
Tel’ WESTERN 8077 (8 lines) Telex’ 23182 Groms. ACCURATOOL LONDON TELEX 
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What do you want from a resistor? 


* A 


You want guaranteed reliability, accuracy, 
Ne, stability 


Alma resistors are checked for quality at every stage in their 
manufacture. All wire is measured for Temperature Coefficient 
before its entry into stores thus maintaining a guaranteed 
standard and enabling Alma to offer resistors with matched 
temperature coefficients to within very close limits. Long term 
stability tests are carried out on samples taken from normal 
production and are periodically measured in a temperature 
controlled room on a six decade bridge in conjunction with 
Resistance Standards. 


Alma guarantee delivery of resistors made against a specific 
order in 3/4 weeks for small orders and 7/8 weeks for larger ones. 
As a precaution against failure in final inspection, Alma manu- 
facture “overs”, but as a result of the iow reject rate, a large 
stock of such resistors has been accumulated. The value 
you require may be in stock. Write or phone our London 


Sales Office. 


Alma precision wirewound resistors 
are what you want 


London Sales Office: 551 Holloway Road, London, N.19 Telephone: Archway 0014/5 
Factory: Park Road, Diss, Norfolk. Telephone: Diss 2288 
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a.c. voltage 


measurements 
0 0-05% using the 


0-930-A 
MUIRHEAD-WIGAN 
PRECISION 

R.M.S. DECADE 
VOLTMETER 


A sensitive, true r.m.s. reading instrument with outstanding features : 


Wide voltage range, 1m¥—300V — 

Wide frequency range, 5 c/s—100 ke/s 

High accuracy (basically 0.05%) 

Reading accuracy --0.025% at all points 
Built-in standardizing circuit 

Ideal for industrial and laboratory applications 
Easy to use 


e © 2. 82 eR 


4-way protected against mis-use 


WRITE FOR PUBLICATION 150 


MUIRHEAD 


Precision Electrical Instruments 


MUIRHEAD & CO. LIMITED, Beckenham, Kent, England 
Telephone: Beckenham 4888 
MUIRHEAD INSTRUMENTS LIMITED, Stratford, Ontario, Canada 
Telephone : 271-3880 


MUIRHEAD INSTRUMENTS INC., 441 Lexington Avenue, New York. 17, N.Y., U.S.A. 


Telephone: Murray Hill 2-813] 
Cd 
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Mailed 








to 
any 
part 
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the world 




















on request 


MUIRHEAD 


TECHNIQUE 


A Journal of Instrument Engineering 
for Scientists, Engineers, 
Technicians, Research Workers 


MUIRHEAD & CO. LIMITED 
BECKENHAM 
KENT 


ENGLAND 
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PRECISION WIREWOUND RESISTORS 


ty RIVLIN 


STANDARD iw to 3w; 0-12 to 3MQ. To tolerances up to + 0-1% 
of nominal value or 0-010 whichever is greater. Terminals, solder 
lugs or wire leads Epoxy resin encapsulated. 


PLUG IN jw (other ratings to order); 500 to 200k. To 
tolerances up to + 01% of nominal value. Fitted gold plated phosphor 
bronze pins to fit Electro-Method D.2. socket (other spacing to order). 
Tough resin encapsulated. 


PRINTED CIRCUIT 4w (other ratings to order); 502 to 200kQ. 
To tolerances up to +. 0-1% of nominal value. Fitted silver 
finished phosphor bronze pins to standard Printed Circuit 
Module. Tough resin encapsulated. 


Above are but three types of high precision 
resistors from the comprehensive Rivlin range. | 
Whatever your resistor requirement ‘standard’ 


or ‘to-specification’—it is sound judgment to ask 
Rivlin first—the high-precision resistor 
specialists. 
RIVLIN INSTRUMENTS LIMITED 
DOMAN ROAD * CAMBERLEY * SURREY * Tel: CAMBERLEY 2507/8 * Grams: RIVELECTRON, CAMBERLEY 
LONDON OFFICE. Tel: SWISS COTTAGE 3038 
GD 201 
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Where great things 
are done with 


Microwaves 


RADAR: Fire Control - Navigation of Aircraft and Small Ships - Automatic Landing - Missile 
Guidance + Transponders © COMMUNICATIONS: Multichannel Radio Links for telemetering 
Data and Speech ¢ VALVES: Klystrons and Magnetrons for 35 Gc/s and 75 Gc/s bands - Monitor 
Diodes for 1 Gc/s to 35 Gc/s *© INSTRUMENTS: Comprehensive Waveguide measuring circuits 
covering 6 to 75 Gc/s © RESEARCH: Outstanding Research and Development of the latest techniques. 


COMMUNICATIONS DIVISION - RADAR DIVISION - VALVE DIVISION 
MICROWAVE & ELECTRONIC INSTRUMENTS DIVISION - RADAR RESEARCH LABORATORY 


ELLIOTT BROTHERS (LONDON) LTD 


ELSTREE WAY, BOREHAMWOOD, HERTFORDSHIRE - ELSTREE 2040 
AIRPORT WORKS, ROCHESTER, KENT. - CHATHAM 4/4400 


Ly A MEMBER OF THE ELLIOTT-AUTOMATION GROUP 
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— IN PRICES! 
— IN TRIGGER POWER NEEDED! 
with — 
AE I Silicon controlled Rectifiers 


AEI offers DUAL COST SAVING to users of Controlled Rectifiers 
Substantial price reductions (announced mid-September) are accompanied by 


improved characteristics, so that trigger circuits can be designed more economically 
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WORKING 
AREA 


Instantaneous trigger 


in. trigger voltage to fire: 0-25y. 


0 O-t 0-2 0-3 0-4 0-6 0-8 1-0 1-2 1-4 


Instantaneous trigger current—amperes 


Prices and full technical data can be obtained from AEI Regional and District Offices or from:— 


CAEID Associated Electrical industries Limited 


Electronic Apparatus Division 
VALVE & SEMICONDUCTOR SALES DEPARTMENT 
CARHOLME ROAD, LINCOLN Tel: Lincoln 26435 





ASS82 
Visit Stand No. K.14 at the A.S.E.E. Exhibition, Earls Court, March 21—25. 
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arsenic- 


one of the extensive range of 


JMC specialised products for 
semiconductor devices 


One of the Specialised Products of 


Johnson ify Matthey 


The growing interest in intermetallic compounds— 
particularly in the III-V series—has created a demand 
for a number of metals in an extremely high state of 
purity. One of the many materials that Johnson 
Matthey can offer to this important semiconductor 
field is grade I arsenic—now available in lump form 
with a maximum metallic impurity content of only 
5 parts per million and supplied in sealed glass tubes. 


Further particulars of this and other JMC materials for 
semiconductor devices now available on request. 


JOHNSON, MATTHEY & CO. LIMITED, 73-83 HATTON GARDEN, LONDON, E.C.!. Telephone: Holborn 6989 
Vittoria Street, Birmingham, |. Telephone: Central 8004 75-79 Eyre Street, Sheffield |. Telephone: 29212 


CO6/259 
ELECTRONIC ENGINEERING 
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Nn 


for corrosion protection ..... 


Electrodeposited cadmium for maximum protection in marine and tropical 
service. Where the utmost corrosion resistance is 


required, the deposit should be fully passivated. 


Electrodeposited zinc is superior to cadmium in industrial atmospheres and 
is cheaper. It should be fully passivated for 
maximum resistance or deposited bright with clear 
passivation when appearance is important 
but 

When design is complete and production starts or when your plating plant is 

overloaded or for further advice 
consult 


IONIC IONIC PLATING CO. LTD., GROVE STREET, BIRMINGHAM, 1/8 
Telephone : SMETHWICK 2951 (8 lines) 


THE METAL FINISHING DIVISION OF THE G.K.N. GROUP O' OMPANIES 
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TCESCHLN THE NEW LOOK IN MODERN ELECTRONICS 


Built 

to the design 
and specification 
of 

PEABODY LTD 


GONTROL desks and panels 


Lintott offer a complete service for the fabrication, 
finishing and electrical assembly of all forms of control 
gear in the electronics and nuclear energy fields. 
Lintott constructions are in use for a wide variety of 
process controlling, fuel control, burner control, etc. 
They can be finished for interior or exterior use, 
pressurized, and in desk, panel or cubicle form. 


LIN-CGABINET chassis racks 


A specialised Lintott construction providing a com- 
pletely flexible system for housing electronic and 
electro-mechanical equipment. Each unit is self- 
contained, with built-in cooling or heating facilities, 
and are suitable for slight pressurization. Standard 
drawers of 8”, 12” and 16” depth can be used in any 
combination to give a total height of 52”. Lin-cabinets 
are KI14 approved for the three Services. Write for 
full details. 


LINTO ing Itd 
IOTT engineering Itd. 
\ Horsham, Sussex. Telephone: Horsham 3316 

owe 
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“Twitterton! 


Is this really 


FORMICA?” 


Yes, this is a printed circuit made from 
FORMICA COPPER-CLAD material. It is a vital 
part of the new Industrial Analogue-Digital 
Converter made by Ericsson Telephones 
Limited. The printed circuit helps to lower 
the cost of this instrument, and ensures that 
maintenance will be little and easy. FORMICA 


copper-clad laminate was considered depend- 
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able enough for this important job in the 
field of electronics. 

People (including Twitterton’s friend, and 
perhaps even you) are finding it difficult to 
keep up with all the things Formica Limited 
are doing nowadays. Which isn’t surprising. 
You’ve got to be pretty quick to keep pace 
with a fast-moving company like this! 


EXTRUDED PLASTICS 
DECORATIVE LAMINATES 
CHAIR SETS 
INDUSTRIAL LAMINATES 


* FORMICA is a registered trade mark 
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POLAR 


Terminal Strips and 
Stand -off Insulators 











In accordance 


with DEF 5334-A 


Suitable for all forms of assembly, these high efficiency 


inexpensive Terminal Strips and Stand-off Insulators 
are available in a wide range of sizes. 


The Stand Off Insulators are mounted by means of 


Screwed Stems or Tapped holes. Connections may take 
the form of Tags, Spills or Screwed Stems. 


Terminal Strips in Cadmium plated steel with pillars 
of sintered aluminium oxide, are available in several 
types with 3,” }” or #” spacing between terminals. 
Insulation resistance better than 10,000 megohms. 





ELECTRONIC ENGINEERING 


Samples and Prices on application to Department ‘C’ 


WINGROVE & ROGERS LTD. 


HEAD OFFICE: Domville Road, Old Swan, Liverpool, 13. 


Phone: Stoneycroft 2265 Grams & Cables: Components Liverpool 
LONDON OFFICE: Broadway Court, London, S.W.1!. 


Phone: ABBey 2272 
16 
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Haddon “STANDARD” Saturable Reactors— 
HADDON Transductors operate from conventional A.C. line 
Voltages and provide a choice of D.C. Voltages for 
Control Windings. Selected from a wide range of 


S AN D ARD individually designed and manufactured SPECIALS 
over past years, the HADDON STANDARD RANGE 
enable the discerning engineer to select STANDARD 


SATURABLE REAGTORS  <ourme ‘0: Specific application. 


416 standard single-phase designs cover the range 


TR AN SD UCTORS ne ele ee method of stepless control in 


both long-term economies and high performance 
standard. 


tT 0) 


Sie 


Technical literature containing the principles 
and applications of our wide range of Saturable MAGNETIC 
Reactors is available on request. AMPLIFIERS 


For use with Saturable 
Reactors Haddon manufacture 
a standard line of Magnetic 
Amplifiers. 


Operating from 200/250V 
50/60 c/s single-phase supply, 
with input of 0-5 mA DC in 
HADDON TRANSFORMERS LIMITED 2000/8000 ohms. 
Victoria Park Industrial Estate, Field End Road, Ruislip, Middx. Illustrated above is the 1000W 
Telephone: Byron 9444-8 Telegrams: Hadtrans, Ruislip Magnetic Amplifier 








MARCH 1961 ELECTRONIC ENGINEERING 





EE 31 022 for further details 


Fast, simple, low-cost circuit assembly 


VEROBOARD is the universal wiring board 
that combines all merits of the printed 
circuit technique — without the expense ! 
Simplicity, speed, cheapness, and relia- 
bility are the direct results of the vero- 
BOARD principle: standard pitching of 
standard-size holes on a resin-bonded 
laminate board backed by bonded copper 
continuity strips. 

The following assembly aids and acces- 
sories are offered to speed and simplify 
the assembly of VEROBOARD circuits even 
further; and to provide even better 
service in use. 


Numeral tape (self-adhesive) for fast, accurate reference 
to positions on VEROBOARD. 1-90 for 18” boards and 
1-30 for boards up to 6”. Part Nos. VB 3021 and VB 3022 
Component Jig for bending wire terminations accurately 
to fit VEROBOARD matrix. Part No. VB 3031 

Plastic Handles for plug-in veropoarp card circuits. 
Part Nos. VB 3051 (black) and VB 3052 (red) 

Jumper Links of tinned copper wire for cross connections 
between bonded copper backing strips on VEROBOARD. 
Part Nos. VB3061 (0-2”) and VB3062 (0-4”) 
Semiconductor Holders for mounting transistors, etc. 
with plug-in contacts on 0-2” matrix. Part No. VB2011 
and VB2012 

Valveholder Templates for drilling holes at correct pitch 
and location On VEROBOARD. Part Nos. VB 3041, VB 3042 
and VB 3043 


VOT 


Odl' 


accessories 


Extruded Edging in light alloy for strengthening vEeRo- 
BOARD panels. Part No. VB3091 

Plug-in Panels: 4:8” < 5-8” veroBoarRD, gold-plated at 
one end for use with edge connectors. Part No. VB 2001 
Spotface Cutter to make a clean separation where neces- 
sary in copper backing strip. Part No. VB3011 

Design Sheets on high quality tracing paper for designing 
circuits ON VEROBOARD and for producing workshop 
prints. Part Nos. VB3071 (18”) and VB3072 (6”) 
Varicon Connectors which can be used as single point 
contacts or in rows to form connections between 
VEROBOARDS. Available in strips of 20. Part No. VB 3081 
(in line and VB 3082 (right angle). 





Notching Tool for Extruded Edging to enable it to be mitred 
for making corners and for slotting to take VEROBOARD panels. 


Part Nos. VB3101 Press, VB3102 Mitre die set, VB 3103 
Slotting die set. 


VEROBOARD Kit contains supply of veRoBOARD and 


accessories. 
ELECTRONIC ENGINEERING 18 








is a product of VERO Precision Engineering Ltd., South Mill Road, Southampton. Telephone: 71061/4 
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STABILIZED 


— SINGS OIDAL- 


RI by Aelvance 


the CVH RANGE VOLSTAT 


Advance constant voltage transformers are available in the CONTINUOUS AND AUTOMATIC STABILIZATION 


CVH range with low harmonic distortion in the output wave- RAPID RESPONSE TIME 
form, ideal for use with precision equipment sensitive to power 

frequency harmonics, and also with all equipment requiring a CURRENT LIMITING CHARACTERISTIC 
constant voltage sinusoidal input. 

In most applications the harmonic distortion present in the 
output waveform will not exceed 3%. Under the most un- NO MOVING PARTS 
favourable conditions this figure will not rise substantially above 

5%. When used with a rectifier to provide a d.c. supply, the NO ROUTINE MAINTENANCE 
characteristics of the system are identical to the normal mains 

source and particularly close regulation of the outp~t is obtained. 


COMPACT DESIGN 





Type vev o;r Vv f. Nett Price 
Range r.m.s. in U.K. 


CVH 60a 190-260 50~ 240 : £10 10 0 
CVH 128A | 190-20050~ 230 — £17 00 
CVH 420A = 190-26050~ 230 . £37 00 
CVH 750A 190-260 50~ 230 £68 00 ee 
CVH 1S00A © 190-26050~ 230 £99 00 h i 
CVH 3000A = 190-26050~ | 230 £185 00 all 
CVH 600A = 190-26050~ 20 £355 00 2a 
if 
hy if 



































AN i 


Advance COMPONENTS LIMITED 
—ENEMIIEIe— - 


ROEBUCK ROAD * HAINAULT « ILFORD + ESSEX + TELEPHONE : HAINAULT 4666 IT/Os 
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How to make a Gilt-edged Investment 


Ordering printed wiring edge connectors should be PRINTED WIRING CONNECTORS 


regarded as making an investment. Your investment SINGLE-SIDED BOARDS DOUBLE-SIDED BOARDS 
can be gilt-edged if you specify CoNTINENTAL—  “on/ae" Beard wom a - ee 
CONTINENTAL can offer you a wider range of printed $199 0002 3 4dS2482%0 0200 ' 0.062 ‘164248 a ba 
at 5 ‘6 27 2 3 s 
wiring connectors than any other manufacturer and = 9.300 0.002 4's: 12 Rio “any other types are available 
this range includes the new international standards. OJomactomiucd) 0,150 0.062 10a2single-sided 
. 0.200 . 19,24 & 32 & 20 double-sided 
All are gold plated but can be offered in many 0.200 ae FET: 0.156 0.062 36 ways double 
variants to suit your particular application AAQD AML AGES 
Miniature plug & socket connectors. Sub-miniature rectangular plug & socket 
connectors. Micro-miniature rectangular plug & socket connectors. Hermetic- 


Please write for leaflets, outlining your requirements coated miniature pings. Taper-gin terminal slocks 


FOR BUILT-IN QUALITY AND RELIABILITY, SPECIFY Continental Connectors 


CONTINENTAL CONNECTORS LTD - INDUSTRIAL ESTATE - LONG DRIVE - GREENFORD - MX - (WAXIow 5721-7) 
ASSOCIATED WITH THE ULTRA GROUP OF COMPANIES 
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rock-firm fixing 
in fractional times with 





Rawlbolts have revolutionized bolt fixing. 

A job that once took days is now done in 
minutes—no cold chiselling, no waiting 

for cement to harden, no mess! 

Rawlbolts reduce bolt-fixing to three swift and 
simple operations—drill the material, insert 
the Rawlbolt, tighten up. The fixing is ready to 
take its full load at once, because a Rawlbolt 

is a dry fixing that grips by expansion. 
Rawlbolts are used by the million by all the 
great industries of the world, and everywhere 
their record is the same—completely safe, 
reliable fixings of enormous strength in only a 
fraction of the time taken by out-dated methods. 


A RANGE FOR EVERY NEED 
—AND EVERY MATERIAL 

The Rawlbolt is one of the 21 different types of 
Rawlplug Fixing Devices that speed up and 
simplify every kind of screw or bolt fixing job in 
hard materials. Other devices include the 
famous Rawlplug—vastly quicker and 

easier than any other method of screw-fixing; 
White Bronze Plugs for high temperatures and 
under-water fixtures; the amazing Rawlnut for 
hollow materials which forms its own ‘rivet-head’ 
behind the material, airtight, watertight and 
vibration-proof, and Spring and Gravity Toggles 
for plasterboard and similar structurally 

weak materials. Write now for full details 

of these time-and-money saving devices. 
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The Gratacielo di Milano—reputed the highest skyscraper in 
the world constructed entirely of reinforced concrete. adie : TT aA ae APT 

Rawlplug Firing Devices were used extensively throughout this 

building. These Devices ensure complete safety in fixing 

Lighting, Heating, Ventilating, Sanitary and other fittings, and 

are suitable for every material from sheet metal, and plastic 

partitions to fixings in concrete ceilings. 


Rav aOLTs FOR SPEED AND STRENGTH 


THE RAWLPLUG COMPANY LTD - CROMWELL ROAD «- LONDON - S.W.7 
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A new and 








more sensitive 
Austinlite 








relay 

















FEATURES 


High accuracy—to within + 0.5%. 
High torque—hence positive contact pressure. 


Ease of adjustment with fine and coarse settings 
and self-locking adjustable contacts. 











APPLICATIONS 


Current regulator control. 
Choice of either two or four adjustable contacts. Voltage regulator control. 


ay 
Cy Se TTT 1 (:) 


Contemporary case design—projection or flush 
mounting. , 


Dustproof and suitable for use in the tropics. Limiting duties. 
Conforms to Post Office Specification P.T. 1025B. Equipment protection. 


Suitable for current or voltage sensing on 
either D.C. or A.C. 


o7hustinlite ELECTRICAL EQUIPMENT (Makers of Sumo Pumps and 


Stone-Chance Lighthouses). 


CGustom-built by STONE-CHANCE LTD. CRAWLEY, SUSSEX. 


Monitoring duties. 
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stanferite 


magnetic materials 





PERMEABILITY RANGE FROM 
15 to 2500 


‘Stanferite’ is the latest magnetic 
material to be added to the already well 
known STC range of Permalloy powder, 
strip and Permendur products. 


‘Stanferite’ is a non-metallic material having 
high resistivity with consequent low eddy- 
current losses. This characteristic enables it 
to be used at much higher frequencies than 
was previously possible with metallic 
materials of similar permeability. 


‘Stanferite’ can be supplied in the form of 
pot cores, cylinders, rings and ‘‘U’’-shaped 
pieces to meet most applications. 


2 Typical applications Typical Core Shapes 





2 000 to 3 000 
1 100 to | 900 


(Manganese Zinc Ferrites) — both of which have high permeability 
and low-loss at frequencies up to | Mc/s. 

Up to I Mc/s Wide band and Miscellaneous Types of Transformers 

Up to I Mc/s High quality Inductors, Communication Transformers, Delay Lines 
and Recording Heads. 








(Mixed Ferrites)—having substantially rectangular hysteresis loops 
and therefore eminently suitable for data-processing applications. 


Smali Toroid 
Memory Arrays and Switching for Data Processing. and 
Magnetic Cell 





COMPONENTS 
Group 
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(Nickel Zinc Ferrites) — having extremely low eddy-currrent and 
dielectric losses rendering them useful over a very wide frequency 
range up to 150 Mc/s. 

SO kc/sto 2 Mc/s 
200 kc/sto 5 Mc/s Toroid, 
500 kc/s to 15 Mc/s H.F. Transformers and inductors, Tuning Coils, Saturable Reactors “U" Pot and 

1 Mc/s to 50 Mc/s Cylinder 

10 Mc/s to 150 Mc/s 








Write or telephone for Technical Data Sheets to:— 


Standard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London, W.C.2 
MAGNETIC MATERIALS SALES DEPT: EDINBURGH WAY ~- HARLOW ~* ESSEX 
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established success 





Plessey | 


= = = a 
mee ; 


ni 


> connectors 





Registered Trade Mark 


* 2 kV r.m.s. all contacts 

* —65°C to + 190°C working 

* 30 p.s.i. pressure seal 

* 180 contact arrangements 

* Climatic proof 

* Waterproof 

* Shock proof 

* Vibration proof 

* Crimped connections 

* Fireproof and hermetically 
sealed types 


* Interchangeable with 
A.N. or M.S. connectors 


Wiring and Connectors Division 
THE PLESSEY COMPANY LIMITED 
Cheney Manor - Swindon - Wilts - Swindon 6251 
Overseas Sales Organisation : 

Plessey International Limited + liford - Essex 


liford 3040 
@ cwite 
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“STANTELAC’ 


COATT FOIL CAPACKORS 


a new development 
in Capacitor 
manufacturing techniques 


EXCELLENT ELECTRICAL CHARACTERISTICS 














LOW WORKING VOLTAGES 
FOR TRANSISTOR CIRCUITS 


TEMPERATURE RANGE —40°C TO +70°C. 
H.I. CLIMATIC PROTECTION 














Send for details of the Stantelac range of capacitors and life test performance — 


Standard Telephones and Cables Limited 
omega Registered Office: Connaught House, Aldwych, London, W.C.2 


CAPACITOR DIVISION: BRIXHAM ROAD - PAIGNTON - DEVON 
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There’s an I-C-T computer 
to fit your business 


Shopping for a computer? Then you’ve a chal- 
lenging task ahead. For this major investment 
must pay you major dividends. 


Choosing and using a computer 
effectively and profitably requires 
imagination and great preparation. 
This means thinking in terms of the 
service you'll get as well as the 
machines you will use. Doing your 
shopping,in fact, with an organisation 
having the ‘know-how’, the resources 


and the experienced staff to examine 
your problems creatively, and to pro- 
pose the data processing system that 
fits into your business. 

This is the specialised service that 
you will get from I-C’T—the largest 
British firm devoted exclusively to 
data processing, which has been its 
business for over fifty years. 


I-C’T is at your service. There is an 
office near you-—or write to us now. 


I'C-T DATA PROCESSING 
International Computers and Tabulators Limited 


149 PARK LANE, LONDON, W1. OFFICES THROUGHOUT THE U.K. AND IN 51 COUNTRIES THE WORLD OVER 
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a new concept in high-stability frequency sources 


The latest range of compact, high-stability frequency sources by STC represents 
considerable progress in size, weight and price reduction without sacrifice of ageing 


characteristics, short-term stability or temperature dependence. 


Illustrated is the 90 LQU 802B comprising type 57 LQU 423 Quartz Crystal Unit and 
Temperature Control Unit Type 1LQU 101B:— 


STABILITY + 4in 10** 
AGEING lin 10° per day 


DIMENSIONS Two Units lin. x 8jin. x 3#in. 








Full details of all units in the range available on 
request from — 





Sale 
~~ 
Mo) Standard Telephones and Cables Limited 


Registered Office : Connaught House, Aldwych, London W.C.2 
QUARTZ CRYSTAL DIVISION . HARLOW . ESSEX 
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Get sales off toa good start .. . 


No range of Industrial Finishes can surpass Luxol ; 
they offer the finest finish for every industrial need. 
Incorporating all the latest paint developments, 
Luxol Industrial Finishes provide the eye appeal 


Windfinding Rador manufac- 
tured by Decca Radar Limited, 
London, coated with Luxol 
Polyurethane Enamel on exterior 
of cabin and chassis. 


which influences sales. If your requirements cannot 
be met from our standard range we will, on request, 
formulate a special finish for your particular purpose. 
Forany information please write to the address below 


with LUXOL Industrial Finishes 


Selected finishes in the Lurol range: 


LUXOL LUXOL 

Standard Stoving Finish Hammered Finish 

LUXOL LUXOL 

Quick Drying Finish Stoving Polychromatic Finish 
LUXOL LUXOL 

Wrinkle Finish Polyurethanes 

LUXOL EPILUX 2 

Cellulose Finish Stoving Finish 
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SY APPOINTMENT TO 
HER MAJESTY QUEEN ELIZABETH 11 
MANUFACTURERS OF PAINT 
BRITISH PAINTS LIMITED 


BRITISH PAINTS LIMITED 
Industrial Finishes Division 
Portiand Road, Newcastle upon Tyne, 2. 
Northumberland House. 303-306 High Holborn, London, W.C.1. 
31 Wapping, Liverpool. 
Belfast, Birmingham, Bristol, Cardiff, Glasgow, Leeds, Manchester, 


Norwich, Plymouth, Sheffield, Southampton, Swansea 
and all principal towns. 
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An NEC semiconductor device for every 


The range of semiconductor pro- 
ducts at NEC is perhaps the 
widest of any manufacturer. 
Entertainment or _ industrial, 
standard broadcast frequencies 
to microwave — NEC has a semi- 
conductor device with the ratings 
and characteristics for your ap- 
plication. There’s a wide selec- 
tion of current ratings, operating 
temperatures, and mountings. 


These are produced in NEC’s 


MARCH 196! 
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DEFT FINGERS assemble transistors and diodes at new NEC semiconductor plant. 


new semiconductor plant where 
crystal surfaces are cleaned by 
100 tons of hyper pure water 
daily. Every seal is tested in 
krypton isotopes, providing a 
failure rate suitable for the most 
critical applications. 


A single source for semiconduc- 
tors Can mean a Saving in time 
and costs. Just let NEC know 
your requirements and full tech- 
nical data will be sent. 


29 


‘3 ‘ 


circuit application 


Types of NEC semiconductor devices 


-PNP super-grown Germanium transistors 
- Germanium photo transistors -PNP alloy junc 
tion Germanium transistors - Silicon Mesa tran- 
sistors -Germanium Mesa transistors -Germani- 
um gold-bonded diodes ~- Silicon rectifiers 
- Silicon controlled rectifiers - Silicon capacitors 
- Zener diodes - Germanium point-contact mini 
diodes ~«- Silver-bonded diodes - Microwave 
mixer diodes «Silicon junction mini-diodes 


Communications System / Electronic Components 


<> Mppon Efectric Co. Ltd. 


Tokyo, Jopon 
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Germanium PNP Alloy Type TRANSISTORS 


2826 For Audio Frequency Power Amplification 2SB856 For Audio Frequency Power Amplifier Service 


2845 For intermediate Frequency Amplifier Service 2SB189 For Medium Power Output Service 


2852 For Converter Service Germanium PNP Alloy Type DRIFT TRANSISTORS 


2SA49_ —s For Intermediate Frequency Amplifier Service 
ee ae sutet Ks 2SA57 ~=—s For High Frequency Amplifier Service 


28080: For Switching Purpose 2SA58 For High Frequency Amplifier Service 


2SA52_ For Converter Service 2SA59_ For High Frequency Amplifier Service 


2SA53_ _—s For Intermediate Frequency Amplifier Service 2SA60 For Converter Service 





28826 For Audio Frequency Power Amplification 2SA92_ ~—s For Local Oscillator Service 
283847 Low Noise Factor with Audio Frequency Amplifier 2SA93 For Mixer Services 


2$854 For Low Frequency Amplifier Service 2SA175 For High Frequency Amplifier Service 


oshihba For complete information, write to 


TOKYO SHIBAURA ELECTRIC CO., LTD. 


2, Ginza Nishi 5-chome, Chuo-ku, Tokyo, Japan 
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ACCENT ON ACCURACY This new read-out system brings greatly 
...AND SPEED increased speed to what has always been the 


slowest stage in computor operation. With the 
Model 28 Page Printer it is possible, by using 
code combinations, to perform local and remote 
functions without sacrificing a single character 


code combination. 


UNIQUE DIRECT READER FOR GOMPUTORS AT A MODERATE GOST 
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Westrex 


This advance in computor technique is due to 
the versatile Function Box—superseding the 
traditional sequential selector—which provides 
for 32 functions over and above those required 
for usual purposes. These additional functions 
can be used to initiate actions within the 
machine, such as automatic tabulation, or to 
control remote operation of reperforators, 


lights, bells, motors, etc. 


No larger than an electric typewriter and with 
interchangeable typing heads, the Model 28 
Page Printer requires little or no maintenance. 


Send for full details to: 


Company Limited 


COLES GREEN ROAD LONDON NW2 TELEPHONE GLADSTONE 5401/8 


The Westrex Company Limited is a Division of Litton Industries 
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1Nc/s 
Counter with 


in-line Readout 
for less than £350 


New techniques enable Venner 
to offer a transistorized 
frequency and time 

measuring equipment 

with in-line readout 

at a lower cost than 


ever before. 


The treble-3-six is proof 
that Venner gives a high 
technical performance AND 


versatility at low cost. 


- Frequency measurement to | Mc/s. TYPE T.S.A 3336 
3K Multi-period measurement over | to 10’ cycles. 

3K Oven-controlled crystal. 

* Six digit display. See it on Stand No. 19 at the 
3K Sampling times 0.1, 1.0 and 10 sec. Physical Society Exhibition 


3K Gated random pulse counting. 














3 Mains or battery operation. 
3K Light, compact and portable. 
€ Venner proved performance packaged circuits throughout. 


VENNER ELECTRONICS LIMITED 
Kingston By-Pass, New Maiden, Surrey. MALden 2442 
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TEXAS ANNOUNCE 


SILICON MESA TRANSISTORS 


which perform 
the functions of 


practically all other types 


in one compact 
low-priced range 


NPN DIFFUSED JUNCTION MESA TRANSISTORS FOR 
Ves ft, SMALL SIGNAL APPLICATIONS 


d.c. to 100 Mc/s 





-and for nanosecond switching or 
V.H.F. circuitry-the NEW TEXAS XB26 
Silicon NPN EPITAXIAL mesa transistor 


in the TO-18 cB T } for 25Mc/s saturated switching and 
case 2 amplifiers up to 200 Mc’s 


AVAILABLE NOW FROM BEDFURG 


TEXAS xi INSTRUMENTS 
LIiMITED +2 
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wherever 


research and development 
takes place 
you'll need 


This versatile receiver will solve rapidly and 
accurately your problems relating to noise figure 
measurements by the IF. attenuation method, 
calibration of R.F. attenuators using the hetrodyne 
technique and the many problems associated with 
microwave spectroscopy circuitry. 


CALIBRATION RECEIVER 
TYPE MCR/45 MK II. 


The receiver consists ofa high gain, low noise figure 
receiver, with a secondary standard of attenuation 
It is designed to operate with the complete range 
of Sanders microwave crystal mixers, and in com- 
bination with a suitable local oscillator, becomes a 
sensitive detector of microwave energy. 


Specifications 
Noise Factor: 1.8 to 2.5 db Attenuator Accuracy : 
I.F. Frequency: 45 mc/s Cumulative Error: not greater than £0.5 db 
Bandwidth: 2.0 mcis Fine Attenuator: not greater than £0.2 db 


This is one of a series of new 
instruments and components by 


ELECTRONIC ENGINEERING 


THE 


GROUP OF COMPANIES 


W. H. SANDERS (ELECTRONICS) LTD 


GUNNELS WOOD ROAD - STEVENAGE ~ HERTS 
Telephone : Stevenage 981. Telex 82159 Sanders Stev. 
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TEXAS 18120 SERIES - 200 mA -150V 
Standardised small size Ve) a 4nee case 


aids Automatic assembly of electronic equipment 





















































: 
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maximum ratings 18120 18121 


Peak Inverse Voltage at —65°C to +150°C Vem 50 150 =\ 
Average Rectified Forward Current at +25°C Io 200 200 mA 
Average Rectified Forward Current at + 150°C lo 50 50 mA — 0-300” MAX mi 1-00” MIN 
Recurrent Peak Forward Current at +25°C lex, 2°5 2-5 A 0-020” ; 
Non-recurrent Surge Current for | second at +25% i; 1-5 1-5 A (#0-002”) 


Non-recurrent Surge Current for | second at +150°C iy I 1 A + —_——_ — 
Operating Temperature, Ambient Tam» —65°C to + 150°C — 
Altitude 100,000 ft. linia y 

END 0-125” MAX 














characteristics 


Max. Reverse Current at P.IL.V. at +25°C Ip 0-1 pA 
Max. Reverse Current at P.I.V. at + 100°C Ir 10 10 «pA 
Max. Voltage Drop at Ir = 200mA; at +25°C Vi 1-0 1-0 


The 18120 Series is composed of two inexpensive general purpose devices, the 1S120 and 18121. They 
are housed in the same hard glass envelope with axial leads as the 1S7000 Series Zener Reference Diodes, 
the 1S914 and 18916 Computer Diodes and the 1S111 Series Rectifiers. This standardisation of enclosure 
considerably facilitates automatic assembly of electronic equipment, particularly where printed circuits are 
used. 

Full Type Approval has been granted to the 1S121, and it is available ex-stock as the CV7040. 


O 


TEXAS | 3,5 INSTRUMENTS 


LIMITED 
MANTON LANE - BEDFORD - ENGLAND 
BEDFORD 67466 - CABLES: TEXINLIM, BEDFORD 


@ Trademark 9I/A2 
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GERMANIUM 
POWER 
TRANSISTORS 


are best selected from this chart 


— then you should contact the MULLARD technical information 
service, who will give you all the data you need to confirm 


your choice. 



































RED igs maximum allowable collector-e« 


voltage al maximum ¢ tinuous current 


BLACK is maximum allowable collector-base 
voltage Vcb max. (le = 0). 


semiconductors 
for industry 
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Here is a guide to recommended applications: 


*® OC22 for high quality industrial audio 

* 0€23 for ferrite memory core drive 

*® OC24 for r.f. power applications 

*® OC28 for d.c. converters (24V version) 

*® OC29 for extra high gain 

* OC35 for general purpose, low cost application 

*® OC36 for general purpose, high power audio and d.c. converters 
(12V version) 


SEMICONDUCTOR DIVISION, 
Mullard Limited, Mullard House, Torrington Place, London, W.C.1. Phone: LANgham 6633 


FR) mis27 
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PLEASE WRITE FOR DETAILS OF— 
Hs, * Mica 
4 / ** Micanite (Built-up Mica) 
f * “Paxolin” (Synthetic Resin Bonded Laminates) 
LOOK! NG : * “Samica” mica paper insulation 
* Glass Insulation 
* Copper-faced “Paxolin” 
. Wt TH fF * High Voltage Bushings 
* Varnished or impregnated Fabrics 


FINEST (eee 


* PVC Polythene and other Thermopliastics 


FLECTRIGAL 
INSULATION a, 


m1 


the electrical insulation people 
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© MULARD 


l?R means useful heat or 
wasted power— it just depends 
on the application. But 
whichever way you look at it 
you achieve maximum efficiency 
when you select from the 

range of Mullard 

Power Control Devices. 


IGNITRONS THYRATRONS 





Type No. |Max. kVA (2 tubes in anti-parallel) — Type No. | Max. cont. Current 


|— ———_ 








5551A 600 | | XR1-1600A 1.6A 

5552A | 1200 | 150 amps at 2.1 kV per tube | XR1-3200A 3.2A 

2052A 1200 | 200 amps at 900 V per tube | XR1-6400A 6.4A 

5822A Special 3-phase type | XR1-12 12.5A 
5553B 2400 | | 

. XG2-6400 6.4A 

SILICON CONTROLLED RECTIFIERS XG1-2500 °5A 


Max. cont. Current XG2-12 12.5A 











Max. cont. Current 


4.7 amps (200 volts) | BTZ20 | 16 amps (200 volts) 
BTZ 19 | 4.7 amps (400 volts) | BTZ21 | 16 amps (400 volts) 





"| XG2-25 25A 














MULLARD LIMITED - MULLARD HOUSE - TORRINGTON PLACE - LONDON . W.C.I Telephone: LANgham 6633 





have 18 answers 


to your Power Control Problems 


If it’s a problem of Power Control in the range up to 2,400 kVA—Mullard have the 
answer. In fact, there are now no less than eighteen Mullard devices in this range— 
for motor control, lighting control, resistance welding, impulse magnetising, furnace 


control, power rectification and many other specialised applications. The three 


categories of Mullard Power Control devices—Ignitrons, Thyratrons and Silicon 


Controlled Rectifiers—are briefly discussed in these pages. If you would like more 


detailed information, please write to the address below quoting reference D 4093. 


THYRATRONS Both rare gas and mercury vapour IGNITRONS Water-cooled and thermostatically 
thyratrons are available in the Mullard range—with protected, these internationally interchangeable 
continuous current ratings up to 25 amps and inverse ignitrons are ideally suitable for resistance weld- 
voltage ratings above 1,500 volts. Mullard thyratrons ing control up to 2,400 kVA and continuous 
are not only suitable for direct power control but also power rectification up to 200 amps per tube. They 
for driver service with Mercury Pool devices. have an unusually high ignitor sensitivity, and 

exceptionally long operational life, even under 


the most arduous conditions. 


SILICON CONTROLLED RECTIFIERS 
Here, too, is a comprehensive range, with 
continuous ratings up to 16 amps at 400 
P.I.V. Mullard Silicon Controlled Recti- 
fiers are particularly suitable for use in 
equipment where instantaneous operation 
is needed. No heater power is required 
and their small size is of considerable 
advantage for compact equipments. 
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VHF WAVE ANALYSER 


TYPE 248 











is the ideal instrument 
for the Harmonic Analysis 
of Wave Forms 





























With the WIDE RANGE of 
5 Mc's to 300 Mc's in 6 bands 


AND OTHER POWERFUL 
FEATURES 


Leng Scale—4 feet on each band. 


Accurate Attenuators—+-0.1 dB per 
step (O—70 dB). Two external 20 
dB attenuators provided—accuracy 
+0.3 dB. 


Low Harmonic Generation—enabling 
detection of 2nd harmonics to —55 
dB and higher harmonics to 70 
dB relative to fundamental. 


Three Alternative Bandwidths- 
20 kc/s, 70 ke/s, 500 kc/s, A.M. and 
F.M. demodulation. 


I.F. Output at socket on front panel. 


Highly Stable—gain changes less 
than 1 dB for 10% mains variation. 


In instrumentation MAW NRRGtelea make most things... better 


AIRMEC LIMITED: HIGH WYCOMBE: BUCKS : Te/: High Wycombe 2501-7 
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Truing the hairspring 
of a moving iron 
meter to ensure 

correctness of scale 
shape is craftsman’s 
work, It is typical of 
the skill and meticu- 
lous care that goes 
into the making of 
measuring instruments 
by Pullin. First-class 
designing, precision- 
made components, 
precise and delicate 
assembly, accurate 
testing. In a word 
— PULLIN 


Pullin for precision 


MEASURING INSTRUMENTS (PULLIN) LTD. 


wwe s i a add ELECTRIN WORKS, WINCHESTER STREET, LONDON W3. ACOrn 4651 & 8801 
London Showrooms : Electrin House, 93-97 New Cavendish Street, London W1. LANgham 4551-6 
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Torque relief and the Belleville Washer 


Messrs. Fodens Ltd., fit Belleville 
washers in packs of 7 pairs on their 
F.R.6/45 Heavy Duty Dumper. This 
proved to be the most effective 
method of relieving twisting of the 
rear axle case produced by braking 
and transmission torques. 

The potential uses of Belleville washers 
are endless. 

They provide the perfect answer to 
engineering problems where resistance 
to load or thrust is beyond the capacity 
of helical springs. Their fractional 
movement under heavy load has solved 
design difficulties in almost every 
industry. 

Salter technicians can help you. Their 
services are freely at your disposal, 


[lustrations by kind permission of Messrs. Fodens Ltd. 


SALTER 


MAKE THE FINEST BELLEVILLE WASHERS 


GEO. SALTER & CO. LTD., WEST BROMWICH, ENGLAND. Estoblished 1760 
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If you want a small relay capable of switching fairly large 
loads you should know all about the new B & R B11/2. 


Here is a summary of information: 


x Fitted with one (normally open) heavy duty contact 


& RELAYS 


“LimrrTeo 


* Max. rating: 10 amps at 240V A.C. 
20 amps at 30V D.C. non-inductive 


* Weighs only 2} ounces 


* Coils can be vacuum impregnated (to meet general 
M.O.D. spec. Def. 5000) 


Further details of this relay which can be modified to meet 
individual requirements, are available from 


B&R RELAYS LIMITED - TEMPLE FIELDS - HARLOW - ESSEX 


ELECTRONIC ENGINEERING 


Telephone: Harlow 25231 Member of the Gas Purification Group 


MARCH 1961 
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7 days delivery for 
small and miniature standard cases 


at really LOW PRICES! 


a 


15 Imhof standard cases with 
panel sizes from 6’x4" to 
24” x 104”. Just look at these 
examples ...compare the low 
prices. Here’s real value for 
money! Whatever the size— 
whatever the quantity—all 
these cases are built to the 
same robust specification and 104 
high finish as the existing 
Imhof Standard Range. Top 
quality and rock-bottom 
prices result from Imhof’s 
streamlined methods and full 
tooling for large-scale pro- noc? x 19” Panel Size O17 0. 
duction in Europe’s most ee 
modern factory fully equipped 

_ for quality manufacture of 

44904 12°x 7? x 5" cases, racks and consoles. 


x 


f 


[4908 12° 7°x7" a2 18 1 


These cases have been designed as a result of the fast 
development in miniaturisation of electronics and elec- 
trical instruments. The cases are of two types: with 
sloping front panels, and rectangular cases with vertical 
front panels. Both types are available in standard duo-toge 
finishes. Imhofs have also produced a chassis incorpora- 
ting fixing brackets especially for these cases. 


Also available are 9 sizes of MINIBOXES made from 
18 swe aluminium to a firmly utilitarian two-piece design 
—each of the two halves forming three sides of the box. 
Sizes from 3° x1" x2k" to 17° 4°65". Prices from 7/2 to 
26/7. Please ask for full details. vistT us ON 


Alfred Imhof Limited wept. +s 


Ashley Works, Cowley Mill Road, Uxbridge, Middx, Other sizes are 
Telephone: Uxbridge 37123 Telex: 24177 1410D 7” x24° panel size £4. 8.7 
° : 1450C 10}" x 24” panel size £6.16.10 
Telegrams: Imcase - Uxbridge - Telex 1490A 7” x19" standard F panel 85. 5. 0 


1460A 104" x 19° standard D panel £6.15. 9 


49§7- 3517 HDWWW 


IMHOFS AGENTS OVERSEAS 

Algeria: £.G.E.E., Paris (19) Finland: Oy Scienta Ab. Helsinki Morocco: { E.E., Paris (19 Switzerland: Walter Blum, Zurich 
wetralia: Aladdin Industries (Pty) Ltd, France: £.G.E.E., Paris (19) New Zealand: !marex (td, AucklandC3 Tunisia: £.G.E.E., Paris (19) 

Stanmore NSW Germany: Sunvic Regier GMBH Norway: Birger Christensen, Oslo U.S.A.;: Bud Radio Inc, 

Beigium: Rogelec, Ghent Solengen—Ohligs Portugal: Projectos‘ Construgées Lda, Cleveland 3, Ohio 

Canada: Measurement Engineering Ltd, Holland: j. Th. van Reijsen, Delft Lisbon British Guiana: 

Arnprior ttaly: Stuart Culley, Milan South Africa: Switchcraft (Pty) Limited, Davsons Caribbean Agencies Ltd, 

Denmark: Tage Schouboe, Mexico: Aluminio Arquitectonico, Johannesburg Georgetown 

~openhagen N S.A., Mexico D.F Sweden: Electroniund AB, Malmo | 
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special industrial quality 
NEWMARKET 
TRANSISTORS 


























































































































































































































































































































































































































ACTUAL SIZE 



















































































































































































SPECIFICATIONS 


HIGH CURRENT (500mA) 
(Core Drivers etc) 


MEDIUM CURRENT (25mA) 
(Mid-Level Logic Circuits) 


LOW CURRENT (1mA) 


(Analogue DC Amplifiers, etc) 


C ) NEWMARKET TRANSISTORS LTD. 
EXNING ROAD, NEWMARKET Te!: Newmarket 3381 


ELECTRONIC ENGINEERING 


for all fast-switching 


low-wattage circuits 
AVAILABLE IMMEDIATELY 
IN QUANTITY 


QUALITY Assured by tighter-than-ever specifications. 

RELIABILITY Based on special heat-ageing, hermetic-sealing and leak- 
testing processes. 

COMPATIBILITY Provided by industry-preferred encapsulations. 

COMPETITIVE PRICES Through increased economic production. 

The computer engineer is sure to find a unit in the following flexible range of 

pnp germanium alloy transistors — whatever his circuit requirements. All havea 

rating of 20V and a minimum DC beta of 50 at the currents stated. Switching 

speeds are indicated below by fc, limits but can be provided to f, or any other 

switching specifications. Units are available in standard T022 or TO5 

encapsulations. 


HIGH SPEED 
fe, = 7-14 Mc/s 


MEDIUM SPEED 
fe, = 3-6 Mc/s 


VERY HIGH SPEED 
fe, = 15 Mc/s 
upwards 


NKT 101 NKT 102 NKT 103 


NKT 104 NKT 105 NKT 106 


NKT 108 NKT 109 


NKT 107 
MEMBER OF THE 


PE 


GROUP OF COMPANIES 
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INTERNATIONAL FRAME SIZE 


O8, 10, 11,15 & 18 


A.C. MOTOR TACHOGENERATORS 


provide the required stability for 

servo systems. They are miniature pre- 

cision built components of low inertia, low 

residual and good linearity. They con- 

A.C. Servo Motor form to Ministry of Aviation Specifica- 


tions which require normal operation for 


Tachogener ato eS 1000 hours at altitudes up to 60,000 feet. 
Performance Data 


SIZE 08 
Std. 2-phase 26v. 400 c/s motor 
Tachogenerator output 0.3v/1000 r.p.m. 
Residual 20 m.V. max., Linearity 10.5% 
Weight 82 grams. 





SIZE 10 
Std. 2-phase 26v. 400 c/s motor. 
Tachogenerator output 0.4v/1000 r.p.m. 
Residual 20 m.V. max., Linearity +0.5% 
Weight 108 grams. . 





SIZE 11 
Std. 2-phase 115v. 400 c/s motor. 
Tachogenerator output 0.5v/1000 r.p.m. 
Residual 20 m.V. max., Linearity +0.5% 
Weight 200 grams. 





SIZE 11 (with temperature compensation) 
Std. 2-phase 115v. 400 c/s motor. 
Tachogenerator output 0.45v/1000 r.p.m. 
+3.5% over —40°C to +100°C or Body Tem 
+1.5%-over —20°C to + 80°C. ee 
Residual 20 m.V. max., Linearity + 0.5% 
Weight 235 grams. 





SIZE 15 
Std. 2-phase 115v. 400 c/s motor 
Tachogenerator output 3.0v/1000 r.p.m. 
Residual] 20 m.V. max., Linearity + 0.2% 
Weight 400 grams. 





SIZE 18 
Std. 2-phase 115v. 400 c/s 18 A.C. motor. 
Tachogenerator output identical to 
standard size 15 Tachogenerator. 
Weight 550 grams. 





All units can be supplied with plain shaft 
or with a pinion shaft permitting in-line 
reduction gearheads to be directly coupled, 
reductions up to 1,000,000:1 can be obtained 
with 2 gearheads in cascade. 


* Write or phone for literature dealing with 
our expanding range of Control Equipment. 


(Control Equipment) Limited 
Vactric House, Sloane Street, London, S.W.1. Telephone BELgravia 7000 
NRP 5007 
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Shorts General Purpose Analogue Computor 


The computor with the widest range of units 











In service throughout the world 


Linear Function Time switch : : 
Patching without cords 


Serve Sine- Fast repetitive or continuous solution 
multiplier cosine Switch set coefficients and transfer functions 
Discontinuous Units quickly interchangeable 


Time delay function Display, power supplies, and timing contained within console 


Write for illustrated brochure and data sheets to: COMPUTOR SALES DEPARTMENT, SHORT BROTHERS AND HARLAND LIMITED 
East India House, 208a Regent Street, London, W.1 
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FAST, LOW COST ASSEMBLY 


SPECIFICATION 


AVAILABLE IN: Any no. of ways up to 40. 
CENTRES: 0.150” or 0.156” as specified. 
CURRENT RATING: 5 Amps per contact. 
WORKING VOLTAGE: 500 V.D.C. 

VOLTAGE PROOF: 2 K.V/D.C. 

CONTACT RESISTANCE: <5 m #*% after 1,000 
sizings and exposure to DEF.5000 tropical 
conditions. 

WITHDRAWAL FORCE : 4 to6.5 ozs, per Contact. 


—_—S 79/961-2 
—— 79/480-2 


SEE US AT 
A.S.E.E. EXHIBITION, 
EARLS COURT, 
MARCH 21-25th 


Tails accept Amp 98 
Taper Tab 


1961 


81/008 


81/009 


contacts: Phosphor Bronze, finished Gold 
Plate on Silver, Silver or E.T. 

Note: 79/480-2 & 79/961-2 Brass only; finish 
as above. 

LAMINATE: Best quality Commercial Grade 
Grade II; Fibreglass to order. (Fibreglass 
0.150" ctrs. only). 

END Guipes: Hard Brass; finish as above. 


Ney 81 /o10 
—— 81/o11 


= 81/or12 
= 81/013 


Tails accept Amp 78 
Taper Tab. 


Carr Fastene 
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Double Edge Connector using 
79|961-2 Contacts 


r Gompany Ltd 


STAPLEFORD, NOTTINGHAM. 
197 GREAT PORTLAND STREET, LONDON, W.I. 


Museum 936! 
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A SUCCESSFUL LAUNCHING 
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LAUNCHING OF THE NEW EL!IZABETHAN LINE “GLORIANIANA” 
Lefttoright: A. Daley-Noggin (Director), The Hon. Percy Veeryng (Director), Lord Lumme (Chairman), H. H. The Ali Mhin-Yum, K.G.C.L, 
Lady Phyllis Glassup*, Field Marshal Earp, K.V.C.O., G.C.E.. Commander Ivan Astikoff (Naval Attache, Slobovia), D.d'I. Dick, O.B.L.T. 
* (who was, of course, Miss Elsa Poppin before her brilliant marriage earlier this year to Lord Bung’s son, Toppis. ) 
with thanks to Moss Bros. 


Photo. “ Gates heads Chronicle” 


“CONGRATULATIONS CHAIRMAN — 
extra £°25.00( by using 


CONTINENTAL ALUMINIUM ”’ 


ELECTRONIC ENGINEERING MARCH 1961 





EE 31 055 for further details 


WIMSHURST 


Influence Machine 


During the years 1878-1888 Mr. James Wimshurst 
contributed considerably to the science of physics 
by designing and constructing a number of High 
Voltage Generators of the type shown in the 
illustration. 





1961 
HURSANT ELECTRONICS 


are proud to announce their new range of 
regulated high voltage supplies which are of 
equal interest to the physicist and research 
engineer of today. 


Medel 30B 0-30KV —2MA’S £185 
Model SOA 0-50KVY —IMA £240 
Model 100A 0-100KV —700uA’S £340 
Model ISOA 0-ISOKV—SO00uA’S £450 


All models listed have continuously variable 
and reversible polarity output, and are fitted 
with kilovoltmeters, current meters, and 
overload trips as standard. 


Small Physical Size. 


Robust construction, low ripple and good 
regulation are also features of these supplies 
which are offered at the prices shown above. 


A leaflet giving further details is available on request 


Model 50A 
rack mounting version 


13-14 The Mall Ealing W.5. 


El EC TR ON/ICS l TD Telephone: EALing 7176 
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To keep pace with the constantly increasing demand for 
one of this country’s most comprehensive range of pre- 
cision electrical measuring instruments, the new Sifam 
factory is now fully operative. Consolidating the re- 
sources of two previous plants, this new development, 
occupying 21,000 square feet, brings together under one 
roof machine shops, plastic moulding, tool rooms, plating 
assembly and spray shops. 


The new plant is purpose-built specifically for electrical 
measuring instrument development and manufacture. 
It is geared to ensure maintenance of high standards of 
service and product and special attention has been paid to 
new techniques in air-conditioning, dust-free assembly 


vVistT US ON ea ‘ . 
STAND @. 13 areas and internal communications. 


a new factory... and a 
new range of instruments... 


: 


os _ os 
¢ goo tiny, ups 


The new Wessex series provides a range of four instru- 
ments of notable distinction and clean design. Illustrated 
are Types 28, 3! and 41. 


--- Skilled craftsmanship and a 


thirty year old Tradition of Excellence... 


@SIFAM ELECTRICAL INSTRUMENT CO., LTD., 
Write for full Catalogue information i Woodland Road, Torquay, Devon. 
on the newest Sifam Developments. © Torquay 63822/3/4 Telegrams: SIFAM, TORQUAY 
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SPECIFY 1-M-<. capacitors ... they are right for the job! The extensive range includes 
top-quality, precision types which meet the requirements of exacting equipment— 
but there are, too, the types you’ll choose when the equipment is less spectacular 
and price is the governing factor. So specify T.M.C. and be sure of getting the 
right capacitor at the right price to do a dependable job. 


Please write for further information 


Su. € Om CAPACITORS 


TELEPHONE MANUFACTURING COMPANY LIMITED, 
Components Division, Cray Works, Sevenoaks Way, 
Orpington, Kent. Telephone: Orpington 26611. 
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Hermetic Sealing 


STEATITE & PORCELAIN 
NICKEL METALLISING 


Quality Approved (Joint Service R.C.S.C.) 
WILL MEET THE MOST EXACTING REQUIREMENTS METALLISED 


BUSHES 


Perfect Terminations 


—made readily without special precautions by 
semi-skilled labour, employing simple hand 
soldering methods, R.F. Heating, 

Hot Plate, Tunnel Oven or similar 

mass production methods 


STANDARD RANGE 


Shouldered, Tubular, Conical, Disc 
and multi seals are included, assembled 
with stems if preferred. 

SEND FOR CATALOGUE No. 47 





TECHNICAL SERVICE 


Always available, do not hesitate to 
consult us. Samples for test will be 
supplied on request. 


tf 
cra 
' 


visituso 
sTanme «5s. 


STEATITE & PORCELAIN PRODUCTS LTD. 


STOURPORT ON SEVERN, WORCS. Telephone: Stourport 2271. Telegrams: Steatain, Stourport 





TT 
SP100 
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The excellent electromagnetic properties of 


| Purefee {ll REFINED MAGNETIC IRONS 


These special irons are suitable for 

a wide range of applications in 

electrical and electronic equipment. ELECTROMAGNETIC CURVE 
After rough machining, followed by 20 , 
annealing treatment, toroidal ring 

testing results exceeding the minima 

shown on the table, can be expected. 
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FIELD STRENGTH (H) FLUX DENSITY (B) 
Ampere Turns/cm Oersteds 


4°40 
7°54 
12°57 
25°13 
62°83 
100°53 


























REMANENCE 


MIDLAND AND LOWMOOR IRON & STEEL CO. LTD. 


Rotherham. Telephone: Rotherham 4211/2/3 


MI 16 
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Want to measure Frequency Response of 


= Hearing-Aids, Loudspeakers, and Microphones? 


cho ACOUSTIC 
Season auee on MEASURING EQUIPMENT © 


Beat-Frequency 20 0 0 50 1000 cps 20003000400 S000 

Oscillator, type HOI2 

Range: 2 to 20,000 c/s and 
20 to 40 kc/s. 

Accuracy: 0-5% + Ic/s. 

Drift: Less than 3 c/s per 
hour after 5 min. 
warm-up. 
Transformer output 
up to 6 watts with 
low distortion. 
Attenuator output 
from 50 pV to 50 V. 

Available with built-in Warbling 

device and/or | Mc/s generator. 


Logarithmic Recorder, 


type NS3 
Frequency Range: 
‘ 30 to 20,000 c/s. 

30, 50, or 80 db 

(0 db=10 mV). 
Paper Width: 

10 cm. (4 in.). 
Paper Speed: 

0-13 and 0-5 cm. per 

second. The Acoustic Measuring Equipment is specially designed to simplify 
The Logarithmic Recorder is recording of frequency response curves in the audio-frequency range. 
internally coupled to the type For loudspeaker-recordings the B.F.O. output is controlled to produce 
HO!2 B.F.O. either constant current or constant voltage. 

For microphone or hearing-aid measurements the sound pressure is 


maintained at a constant level. 
High-Gain Measuring The recorder automatically stops after the completion of a recording, 
Amplifier, type F33 which is made in about 40 seconds. The B.F.O. and recorder are auto- 
: 10 to 40,000 c/s. matically switched on and off at preselected frequencies. 
Amplification: 


10, 20, 30,...100 db. 
Noise and Hum: 
About 2 volts re- 


ferred to input 


terminals, 
Frequency response in accord- C\}-— CJ > 


ance with ASA recommenda- Qos 
tions. Two Amplifier units are 
used in the type MMP2I. 


Condenser Microphone and 
Artificial Ear available for Bay 


Hearing-aid measurements. 


db 















































Typical set-up for recording the frequency response of a microphone at 
Regulating Amplifier, constant sound-pressure. The upper microphone is inserted in the control 
channel which regulates the B.F.O. output. The lower microphone is the 


type SP59 Sa specimen under test. 
The Regulating Amplifier is used 
to monitor all signal levels in the Write for complete information 


system and to provide automatic 


control of the B.F.O. output. 

Radiometer supplies: 72 Emdrupvej, Copenhagen NV, Denmark 
AF Oscillators 
R-L-C Bridges 
Standard Signal Generators 


Represented in Great Britain by 
Vacuum Tube Volemeters Livingston Laboratories Ltd. 
Wave Analysers Retcar Street, London, N.19 
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DIGITAL VOLTMETER 


TYPE BIE2114 


This all-electronic digital voltmeter, using an entirely new counting tube, has been designed for application in 
fields requiring accurate measurements of D.C. voltages. These include computer inputs and outputs, reference 
supply measurements, strain gauge measurements, production testing of electronic and electrical components 
and industrial process control (e.g. analogue-to-digital conversion). 
© Decimal in-line display 

All-electronic—new counting tube 

0.05%, accuracy 

103 milliseconds conversion time. Three read-outs per second 

Automatic range and sign selection with indication 

50 megohms input impedance 

Integral in-line printer drive 


BLACKBURN ELECTRONICS LIMITED 
BROUGH YORKSHIRE “© TELEPHONE BROUGH 121 


Member Company of the Hawker Siddeley Group 
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mow, 
just 
one 


Tube counts 
selects 


indicates 


Here is a tube which can be used either as a counter and indicator, or 
selector and indicator—just as you require. It’s the Mullard Z504S—a 4kc/s tube of all- 
glass construction. Modern techniques make economically possible these functions in 
one envelope. The Z504S brings you economies from every angle. It is a remarkably in- 
expensive tube . . . and achieves some really welcome economies in equipment space. 
Moreover it is made to close mechanical tolerances and so avoids the need for post- 
assembly adjustments. Jf you would like to know more about the new multi-purpose tube, 


just write Mullard quoting reference D4103. 





Mullard ian 
a MULLARD LIMITED - Mullard House - Torrington Place - London W.C.1 |Mullard| 
QF 


GOVERNMENT AND Telephone: LANgham 6633 


INDUSTRIAL VALVE DIVISION 


FP) MVTB 410 
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f Plessey 
TELECOMMUNICATIONS 


‘speed the news’ 





3 
\3 
: 
| 
k 


Plessey is everywhere, you'll find. ..in New Delhi for 
example, where the Commonwealth Relations Office has 
installed Plessey Teleprinter Terminals for the reception 
of the London Press Service Broadcasts. 


The ubiquity of Plessey Radio Teleprinter Equipment is as 
complete in world meteorology, press and consular services 
as Plessey Telecommunications is in the total telecom- 
munications field. Other Commonwealth Relations Offices 
with Plessey teleprinter terminal equipment include 
Karachi, Salisbury and Colombo. Reuters have similar 
installations at Benghazi, Athens, Ankara, Hong Kong, 
Mauritius and Buenos Aires .. . and in Ethiopia and the 
Lebanon it is employed in civil aviation. 

Behind this achievement are the extensive prototype and 
quality manufacturing resources of the Telecommunica- 


TELECOMMUNICATIONS DIVISION + 
THE PLESSEY COMPANY LIMITED - 


tions Division, inspired by the work of a unique research 
and development organisation. The Company recognises 
the need to segregate advanced thinking from the hustle 
and distraction of the factory. Accordingly, in addition to 
the Group Research Laboratories at Roke Manor and 
other specialised research centres already existing in the 
U.K., extremely well equipped laboratories have recently 
been established at West Leigh for advanced telecommuni- 
cations studies. In these establishments, the next generation 
of telecommunications equipment is already taking shape. 

In close support at all times are the complete resources of 
the Plessey Group of Companies which include unrivalled 
tool making and machining facilities, a full range of environ- 
mental testing and production laboratories, and the 
services of the materials laboratories at Caswell. 


ELECTRONIC & EQUIPMENT GROUP 
ILFORD - ESSEX + Telephone: ILFORD 3040 


Overseas Sales Organisation: Plessey International Limited « Ilford » Essex + England 
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INDUSTRIALRE 


UP TO 100 KW 


Mullard R.F. Heating Valves 
range up to 100 kW, in air 


cover the power 
and water cooled 
versions. Five basic valves have been especially 
designed to meet the requirements of industrial r.f. 
heating power levels. Each valve is mechanically 
with 


extreme reliability under varying load conditions, 


and electrically robust, and will operate 


fluctuating mains voltage and mechanical vibration. 


Constant Power .. . three of the new series 
are designed so that output power is substantially 
independent of load impedance. 

The electrical characteristics of these three types 


ENGINEERING 


have been specially designed to maintain the out- 
put power close to nominal over load variations 
of 3 to 1. 


Filaments... are made of heavy duty thoriated 
tungsten, generously rated to provide an adequate 
reserve of emission—and to accept temporary volt- 
6and -—-10% 


age variations of +5 of the nominal. 


Grid ... special material and processing give 


the valves long life under arduous conditions. 


Anodes... are designed to withstand 
accidental overdissipation. 


MARCH 





1961 


HEATING VALVES 


MARCH 


1961 
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The data presented in this advertise- 
ment gives only an outline of the 
characteristics and performance ofthe 
Mullard High Power Range of Indus- 
trial R.F. Heating Valves; full details 
including special high frequency 
operating conditions are available on 
request. Please quote reference 


D4163 in your correspondence. 





GOVERNMENT AND 
INDUSTRIAL VALVE DIVISION 


MULLARD LIMITED 


Government & Industrial Valve Division 


Mullard House, Torrington Piace, London W.C.1 





Operation for anode voltage obtained from three-phase FILAMENT 
half- -wave e rectifier without smoothing filter | CHARACTERISTICS 








LIMITING VALUES CONTINUOUS OPERATION 
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* Also available in air-cooled versions 
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It has EVERYTHING and its portable 


GD 1014-2 DOUBLE-BEAM 
OSCILLOSCOPE 


SOLARTRON 


Carried around as your ‘pet’ instrument 
this versatile double-beam ‘scope makes 
light work of any servicing or development 
problems. 
The CD 1014-2 locks to video signals with the 
built-in TV sync. separators; gives bright, well 
defined traces at fast or slow speeds; 
has stabilised EHT ensuring accurate 
calibration independent of brightness 
levels; incorporates high gain pre-amplifier 
—in fact it has all the features that 
make it ideal for on-the-spot servicing and 
general research work anywhere 
in the world. 


7 SYSTEM includes two wideband 


amplifiers effectively covering DC-Servo- 
Audio-Video-and Transient applications. 


Y, & Y2 bandwidths DC-5 Mc/s (-3 dB) in the 
100 mV/cm-100 V/cm range. 

Rise time 70 mysecs. 

1 mV/cm maximum sensitivity on Y2 a.c. input. 

Inputs can be ‘floated’ with respect to earth. 

Input constants Main amplifiers 1 Mo /30 pF; 

Y2 preamp. 2.2 MQ/30 pF. 
Measuring accuracy to 5%. 


Dual displays from a twin-gun c.r.t. 3AZP31 
(P7 and P11 phosphors also available) 
Calibration squarewave 0.5 V pk-pk +. 
mains frequency 

Only 2 valve types used, silicon rectifiers, ‘C’ 
cored mains transformer 

Mains input 110/220V + 20V, 45-66 c/s 
Consumption: 75VA 

Weight 22ibs 


1%, at 


Write now for details to: 


x SYSTEM Basic time-base range 1 cm/ysec-1cm/sec, continu- 
ously variable; accurate to 5%. 

Symmetrical expansion, continuously variable and calibrated at x 1, 
2 and 5. 

Adequate X shift centres any portion of the trace. 

‘Level’ and ‘Stability’ controls for triggering and locking the signal at 
any selected point on the trigger waveform. 

Time-base waveform from cathode follower available at a socket, 
15 V pk. 

Provision for direct access to X amplifier; bandwidth DC-200 Kc/s 
(-3 dB); sensitivity 0.2 V/cm-2 V/cm, continuously variable. 


SOLARTRON LABORATORY INSTRUMENTS LIMITED 


COX LANE - CHESSINGTON - SURREY - ENGLAND 


& Amember of the Firth Cleveland Group 


TELEPHONE: LOWER HOOK 2150 
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ICI 
Ys Veale ', mov: tye 
COPPER 


ICI vacuum melted and cast copper is now available in commercial Availability 
quantities for high vacuum electronic and electrical equipment, STRIP 


such as valves magnetrons klystrons —up to 8 in. wide, standard range of length 
’ ‘ and thickness 


NOTE THESE POINTS: cme 
... volatile impurities lower than in O.F.H.C. copper —up to j in. thick, standard range of length 
.+.gas content no more than 1/§ or 1/10 that of O.F.H.C. copper ane whee 

i eaheat caunienitel % LACS EXTRUSIONS 
... electrical conductivity 101-102% I.A.C.S. ap 0 4 ie. wend). Ne 
... mechanical properties and hardness equal to O.F.H.C. copper 3 in. hexagon 


Full details from your nearest ICI Sales Office 
IMPERIAL CHEMICAL INDUSTRIES LIMITED, LONDON, S.W.1. 


METALS 
c.28 DIVISION 
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odular instruments 
for industrial 
process control 
and data handling 


This Operational Amplifier is built on a 7 inch x 7 inch printed wiring board 
for easy incorporation into other equipment. Usually it plugs in but for 
extra reliability it can be wired in. 


oO P Ee R A T r oO ry & The Amplifier can be used for differentiating, integrating, linearising, 
L analogue to digital, voltage to digital and frequency to voltage conversion 
It is one of the basic circuits in the Dataflex range and is used in a number of 
ay Mm P L | F f Ee re Dataflex Units. 
Note these features :— 
@ Completely transistorised 
@ High gain—10" at d.c. reducing to unity at 2 Mc/s 
@ Transistor chopper for drift correction 
@ Extremely low input voltage and current drift 
@ Input noise less than 100 1. V 
incidentally it costs only £40. 


Write now for details of this and other Dataflex Units to 


BENDIX ERICSSON U.K. LTD. 


HIGH CHURCH STREET - NEW BASFORD - NOTTINGHAM -:- Telephone: Nottingham 75115 
(FORMERLY ERICSSON INSTRUMENT DIVISION) 

E.R.16. 
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r,s. thts 


demands real 


refrigeration 


‘knowledge ° 


».. call in 


Sierne 


= 


Bak ti 


If you have a refrigeration problem to face, no matter how complex it may 
be, you will require expert advice and assistance in every stage from concept to 
completion. Call in Sterne, 


For nearly 100 years Sterne’s knowledge and experience of every aspect of industrial 
and commercial refrigeration have been applied to problems both large and small— 
with highly satisfactory results, 


A Technical Advisory Service, backed by a nation-wide sales and after-sales service 
is freely available at all branches 


/ STE Road e FOR EVERY ASPECT OF REFRIGERATION 


ee L. STERNE & COMPANY LIMITED 
ge The Crown Iron Works, GLASGOW. Te/: DOUglas 6461 (10 lines). Telex No. 77300. 
Full Technical and service facilities available at the following branches : 
LONDON * LIVERPOOL * ABERDEEN ° BRISTOL * BELFAST * CARDIFF * DERBY - HULL * NEWCASTLE * LEEDS 
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PEAK THRUST 
oem ps nue 6,500/bs 2 


VG 108 MKT 
), VIBRATION GENERATOR 


The VG. 108 MK II, available as a 
trunnion mounted Vibrator, presents a 
good compromise in a very broad field 
of Test requirements. Although this 
machine takes up a relatively small floor 
area, it retains sufficient weight to 
enable a high foundation mass to thrust 
ratio to be maintained. In performance 
the first structural resonance (unloaded 
condition) appears at approximately 
2kc/s but under ‘load’ conditions sub- 
sequent damping enables the vibrator 
to be used to beyond 7kc/s. The full 
detailed specification is available on 
request. 


GOODMANS 











Illustrated left, is a PA 20KVA Power 
Amplifier; and above, the E501 ‘g’ Control 
% Amplifier. 


Whatever the problem 
.. whether fatigue, torsional or 
pase lessee rer OL Od oN Oe EM the vibration specialists 


GOODMANS INDUSTRIES LIMITED, AXIOM WORKS, WEMBLEY, MIDDLESEX, ENGLAND WEMBLEY 1200 (8 lines) Cables: Goodaxiom, Wembley, England 
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How to fill vacancies 


in your D.O. and Stores 


With Azoflex papers and a Model 150 
automatic Azoflex photoprinting machine, 
engineering and commercial firms are able to 
free as many as three out of four operatives 

and put them on to more productive 

work. Many of these firms are distributing up 
to 10,000 copies of assorted parts lists, loose-leaf 
catalogue pages, memoranda, and other 
documents up to foolscap size. 


Using Azoflex papers on tinted bases, it is 
possible to “key” the origin or distribution of 
all documents within an organisation, with an 
immense effect on efficiency through immediate 
recognition of what is important as compared 
with “just another piece of paper”. 
AZOFLEX photoprinting machines 
range in size from desk models up to large 
machines capable of reproducing double-elephant 
copies of drawings and plans. The AZOFLEX 
process is glareless, fumeless, and dry. No 
darkroom or ducting is necessary. Copies are 
usable as they emerge from the machine. 

Pa 


~ 


Your Company might benefit... 


Many business and industrial concerns find that it 
pays to hire certain AZOFLEX machines—rather than 
Zz © Cx buy them outright. Enquiries will be treated with the 


utmost discretion, and will not commit you in 
any way. 





Photoprinting Papers & Machines 


ILFORD LIMITED INDUSTRIAL SALES DEPT. AZ23G - ILFORD ESSEX 
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Specialists in Sub-Miniature Telecommunications Equipment 


~ OXLEY 


ULVERSTON 


For OXLEY DEVELOPMENTS LTD 


age - PRIORY PARK, ULVERSTON, NORTH LANCASHIRE 
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Size: 234 in. x 14} in. x 24 in. 

Screen: 10 cm diameter 

Resolution: 40 lines/cm 

Writing speed (stored): 2-4 cm/us 
Sensitivity: 5 mV/cm (max) 
Bandwidth: 0-4 Mc/s 

Time base velocity: 3 cm/us—0.1 cm/s 
Erasure time: <1! second 


Send now for full details of 
this outstanding instrument. 


. . the fastest storage 
oscilloscope in the world. . 


CAWKELL :*<:ss2 
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Consider 
the advantages 
of the 


Jats) et-1610) Ole 


Here is an oscilloscope that: 


%& will store fast transient signals for a week 
and display them for up to 2 hours. 


gives a choice of long persistence display 
or variable persistence. 


% can include a trace shifter to facilitate 
comparison of several signals at once. 


% eliminates the clutter and delay of photo- 
graphy (as well as the cost). 


With its English Electric E702A_ cathode-ray 
tube and crystal controlled time markers, the 
Remscope is an accurate and reliable instrument 
that is also designed for easy servicing and 
adjustment. 


If you use ‘scopes . . . or are thinking of using 
them for any kind of waveform study, from 
computer outputs to mechanical testing, consider 
the advantages of the Remscope. 


We will be glad to arrange a demonstration 
for you. 


CAWKELL RESEARCH & ELECTRONICS LTD onc cpine S™  Gcoup of Componies 


Scotts Road, Southall, Middx. Southall 3702/5881! 


Export Managers: Applied Research (instruments) Ltd., Emefco House, Bel! Street, Reigate, Surrey 
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MULTI-SOCKET 
INDICATOR STRIP 


Simplifies indicator problems for the 
designer and the installation engineer. 


The new Thorn multi-socket indicators are ideal for use with computors and 
illuminated read-out devices. They are produced in strips of twelve sockets 
with 4 or ? in. centres. Only one earth connection is required irrespective of 
the unit length employed. 

An Easy-mount single socket similar to the indicator strip is also available, and 
can be used separately or in conjunction with multi strip-socket. 

Lamps are available in 6, 12, or 28 volts, 35—45 mA, with a burning life of 
3,000—5,000 hours. Plastic nylon caps are obtainable in White, Red, Yellow or 
Green, these fit directly over the lamp and eliminate the need for prismatic jewels. 


For further information write to 
THORN ELECTRICAL INDUSTRIES LTD - SPECIAL PRODUCTS DIVISION 
(incorporating Components and Connectors), Great Cambridge Road, Enfield, Middlesex. ENFIELD 5353 


1961 
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The Highest Sensitivity 
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MOISE... 
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fig. 1 Gain characteristics 
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Hitachi also produces Gm components for television which, when 
used together with the ct to earn any maker a market reputation 
even better than he nj , 


Automatic tube testing equipment ‘ “ ‘ 
: _ikochs Ltd. 


Toya Japan 
Cable Address: “HITACHY” TOKYO 
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» 


608 O W A 


G.6.C. 





* 


We can 

get you out 
of a series of 
stabiliser 
problems 


with this ING = WAY GEC. valve 


Here is our new low impedance double triode, the 6080 WA. f 6080 W A 

In the first place, you save space with these two valves in one f Maximum anode voltage 250V 
envelope. In the second place, here is a really fine, special qual- Maximum cathode current 2x 125mA 
ity double triode, the result of our 40 years of experience in ¢ fa 200 +2000 
manufacturing valves of all kinds. Full information on all The full range of 

Series Stabilisers, including the 6080 W A is available, as well series stabilieers cover these voliages: 
as a detailed report on the design of Series Stabiliser circuits. Pe nT: 











Please write to: 


&EC THE M-O VALVE COLTD 


BROOK GREEN HAMMERSMITH LONDON W6 
A Subsidiary of The General Electric Co Ltd 
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kas connenbional 
the die -cant Cover Ord vent achh Ob 2 chat ow 
W aah “IC sf 
plug aad once 


UNITOR PLUGS 
AND SOCKETS* 


TERMINALS - PLUGS & SOCKETS* - GLASS SEALS BELLING & gas ag) 
CIRCUIT PROTECTION DEVICES 
INTERFERENCE FILTERS - RECEIVING AERIALS | iiebbbieniietniiaihnenchsililihessiiabaiicsesiiniiabedessseiiatbbebaéliied 


Telephone ; Enfield 5393 - Telegrams ; Radiobel, Enfield 
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PUSH-PULL 
ATTACHMENTS 
for otyle C Rotary Switches 


Push or pull to turn Interlocks 
Push/pull Auxiliary Contacts 


See the Chilton 

Stand L10 at the 
A.S.E.E. Exhibition, 
21st to 25th March, 1961 





In addition to the normal switching sequences by rotary movement, 
the operating handle may be pushed or pulled from its rest position 
against a spring return, by which N/O or N/C contacts are closed or 
opened. Thus the unit is not only a selector switch, but also a push- 
pull device. The interlock section can be arranged to prevent the 
handle from being pushed or pulled in any selected position, or to 
prevent rotation in any particular level. 

Typical applications include: Off load selection, contactor interlocking, 
contactor closing and multi-motor control. The system can save much 
panel space, simplify control and allow closer protection of equipment. 
May we send you further particulars? 


style ( -switches 











The most Versatile Switches in the World 


. ELECTRIC PRODUCTS LIMITED 
CHILTON j HUNGERFORD, BERKS TELEPHONE: HUNGERFORD 237/8/9 


LONDON OFFICE: 19 OLD QUEEN STREET, S.W.1. TRAFALGAR 222329 
. 
AP 80 
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Better make it 





for TUBULAR SLIDING 
and 


FIXED RESISTORS 


Winding Oxidised Nickel Copper 
Wire to B.S.115. Brushgear: lam- 
inated phosphor bronze brushes in 
brass diecast holders. Finish: metal 
parts heavily nickel plated. Write 
for list No. 110. 


for VARIABLE 
RESISTORS 


Slate wound Resistors of fixed and 
variable type, incorporating oxidised 
nickel copper wire to B.S.S.115. 
Write for list No. 100. 


for ASBESTOS 
WOVEN MATS 


Asbestos woven Regulators, loading 
or heating grids, manufactured in a 
wide range of sizes to suit customers’ 
particular requirements. End or 
immediate tappings either lugs or 
flexible leads. Write for list No. 140. 





\Birch/ make it better 


REGISTERED TRADE MARK 


H. A. BIRCH & CO. LTD. + WOOD STREET, WILLENHALL, STAFFS 
Telephone WILLENHALL 494-495 "Grams WILOHM WILLENHALL 
LONDON OFFICE: HERGA WORKS, WALLINGFORD, UXBRIDGE, MIDDLESEX Telephone UXbridge 3521! 
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a — 


JLT 


instruments 
for 


No darkroom 
Positive records 
Peta 0 
available 
Body designed to 60 seconds 

















accept the new J.L.T. 
quick fix, quick 
focus Hoods. 


after exposure. 








emo 


{ee 


EPR 





Timed Shutter 
with speeds from 
I 0 1/125 second. 








f/3-5 lens with 
iris diaphragm in 
helical focusing 

mount, 





the NEW 60-second 


OSCILLOSCOPE CAMERA 


Series 410 


Improved design and performance at the same price as the 
Series 400, which is now discontinued. 
Uses standard Polaroid roll films Types 44 and 47 
producing positive prints, and Type 46L producing 
transparencies. These films are available ex stock. 


Can be used with all general purpose Oscilloscopes. 


J. LANGHAM THOMPSON LTD. 








BUSHEY HEATH - HERTFORDSHIRE - ENGLAND 
Telephone: Bushey Heath 2411 (6 lines) Grams & Cables: “Tommy Watford” c3 
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Cat. No. 11340/S 
D.C. Amplifier & Microvoltmeter 
For the detection and amplification of 
minute voltages. Ranges + 10uV,100uV, 
1 mV, 10 mV with output | mA into 
4000 ©. Input resistance 502. Noise level 


Stabilized Power Supply Unit less than 10° watt. 


Outputs: Variable 0 to SOOV d.c. (load 250 mA 
max.), fixed 250V negative d.c. (30 mA), variable 0 
to 250V negative d.c. (1 mA). Two separate 6.3V 
5A a.c. supplies provided. 

Stabilization + 1% (positive supplies) + 0.5% 
(negative supplies). Output resistance less than 
0.75 Q. 








Cat. No. 11330 

Galvanometer Preamplifier 
Gives fast, positive indication on a standard 
taut-suspension galvanometer for input signals 
as small as 0.1 pV from a source resistance of 
about 1002. 


Cat. No. 12360 
integrating Amplifier 


Completely electronic with no moving 
parts. Used for gas chromatography, 
N.M.R. and other applications. Total Cat. No. 11370 : 


range 3 to 3000 volt seconds f.s.d. Out- D. C. Amplifier (Contact Modulator) 


put either O—10 mV or 0—1I mA. Excep- L ; lifier for f iehneet 

: abili betel ow voltage amplifier for factory or laboratory. 

Monel stabity and Unearity. Extremely low drift and noise (>>1pV). Effec- 
tive suppression of any mains frequency con- 
tamination of input signals. High output of 
+. 10V at currents up to 5 mA. Thoroughly 
reliable “‘chopper’’. Ranges + 100 pV, 1 mV, 
10 mV, 100 mV. Input resistance 3.4 k Q. 





A completely new Automatic Controller, incorporating a double electronic relay with independent setting levels, and a 
battery-operated High Resistance Test Set are also available. Please ask for descriptive leaflets. 


W. G. PYE & CO. LTD. 


Granta Works, P.O. Box 60, Cambridge, England 
Tel: Cambridge 58866 (5 lines). Grams: Pye Cambridge 
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_ Low in cost - Highly flexible 
TRANSISTOR P.S.U.s 


Here is the most economical and convenient method of obtaining low voltage power 
supplies to meet differing production or laboratory requirements. 

Muliard Equipment Limited has produced a range of P.S.U. sub-assemblies, consisting 
basically of four simple units which, readily added one to another in building brick 
fashion, will provide power from 1 to 39 volts. And they will do this most economically. 
A l amp stabilised supply need cost only £25. 


The four basic units are:— 
* 1 amp Unstabilised Unit (YL. 6101) * 5 amp Unstabilised Unit (YL. 6102) 


%* 250 mA Stabiliser and Reference Section (YL. 6103) 3% Series Regulator Section (YL. 6104) 
Constructed for easy assembly, the basic units may be duplicated in operation for higher 
power applications. 


These P.S.U.s are ideally suited for use in equipments and systems employing other 
Mullard Equipment sub-assemblies such as the well-known Norbits and Combi-Elements. 


For further details please write to: 


ek ae ARM Sete 
MULLARD EQUIPMENT LIMITED 


Mullard House * Torrington Place - London WC1 + Tel: Langham 6635 


G raen 
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un-soldering 
made 
obsolete 





ELECTRONIC ENGINEERING 


The ability to measure complex impe- 
dances over the range 1 milliohm to 1000 
megohms whilst still in circuit—that is 
the outstanding advantage afforded by 
the Component Bridge B521. 


Accurate to +2%, the B521 is a transformer ratio-arm 
bridge of advanced design intended for the rapid, direct 
measurement of virtually all components and networks in 
research or development laboratories, in the manufacture 
and servicing of radio, television and electronic equipment 


and for a variety of industrial applications. 


Employment of the transformer ratio-arm principle— 
affording 2, 3 or 4 terminal measurement—makes it possible 
to measure any arm of a delta network in the presence of the 
other arms. This means, in effect, that even when dealing 
with a highly complicated electronic chassis it is no longer 
necessary —as it is with a conventional Bridge—to unsolder 
individual components in order to ascertain their true value. 
This facility is particularly important at a time when the 
printed circuit is coming into even wider use. 

Full details of this instrument and its applications are discussed 
in Information Service Publication AB521—please write or 
*phone for a copy. 


WAYNE KERR 


Component Bridge B521 


THE WAYNE KERR LABORATORIES LTD. 
Sales and Service, 44 Coombe Road, New Malden, Surrey 
Telephone: MALden 2202 
@ WKS 
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specify 


point 
contact 
germanium 


diodes 


Hughes HG10 series are point contact germanium diodes with 
high peak inverse voltage, high back resistance and good forward 
characteristics. They have excellent recovery characteristics and 
evidence no forward current saturation within their power 
limitations. 

Made in Glenrothes, Scotland, the Hughes range of silicon and 
germanium diodes are subminiature devices with extremely stable 
electrical and mechanical characteristics. These diodes are 
specially designed and constructed to meet the most exacting 
requirements of military or commercial applications. They are 
double wire ended and fusion-sealed in a subminiature one-piece 
glass envelope to ensure complete isolation of the active elements 
from damage or contamination. The small size, combined with 
rigidity of construction and small mass of the elements, enable 
them to successfully withstand physical shock and vibration. 


Continuous Ratings 25°C Characteristics @ 25°C 


Peak Max. Min. Forward Max. Reverse 
Inverse Volts Forward Current Current atiV Current at 50V 


100 45 mA 20 mA 50 ya 
100 45 mA 20 mA 100 pa 
100 45 mA 10 mA 50 ya 
100 45 mA 10 mA 100 pa 
100 45 mA 5 mA 50 ya 
100 45 mA 5 mA 100 a 
75 45 mA 20 mA 50 na 
75 45 mA 20 mA 100 »a 
75 45 mA 10 mA 50 ya 
75 45 mA 10 mA 100 »a 
75 45 mA 5 mA 50 ya 
75 45 mA 5mA 100 pa 


_— Actual Size 





Qualities engineers in our Research and Development 
laboratories at Glenrothes are available to help with your 
application probiems. 


Home and Overseas enquiries to: 


ro 
| HUGHES INTERNATIONAL (U.K.) LTD 


Gn ee es es se ec ee ee cee cee ee ee se ee ee 


KERSHAW HOUSE, GREAT WEST ROAD, HOUNSLOW, MIDDLESEX - HOUNSLOW 5222 
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In the design and production of thoroughly reliable 
electrolytic capacitors, Plessey have for years held 
a commanding lead. To every new demand made 
by rapid developments in radio, television and 
electronic equipment Plessey can respond by 
bringing to bear unrivalled experience, tremendous 
resources and highly skilled staff. Such is the care 
taken to obtain impeccable standards of quality 
and performance, that virtually clinical conditions 
of manufacture are maintained in the superbly 
equipped laboratories and workshops. These same 
exacting standards are imposed throughout the 
comprehensive range of capacitors produced 
by Plessey. 


Whatever the requirement [ Plessey provides the finest component 





THE PLESSEY COMPANY LIMITED 


Capacitors & Resistors Division: Kembrey Street . Swindon . Wiltshire . Tel: Swindon 6211 
Overseas Sales Organisation : 


PLESSEY INTERNATIONAL LIMITED - ILFORD - ESSEX - ENGLAND 
Telephone: liford 3040 . Overseas Telegrams: Plessinter Telex liford 





@ cro 
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INDWOSTRIAIAL 


WILKINSON 


CHENIICALS 


ELECTRONIC 
GRADE 
HYDROFLUORIC 


ACID 
40% 48% 49 + -25% 


ANALY TICAL 
REAGENTS 


NITRIC, HYDROCHLORIC 
and SULPHURIC ACIDS 


also available... 
TECHNICAL 
GRADES 
HYDROFLUORIC 
ACID 

FLUORIDES 
BIFLUORIDES 
BOROFLUORIDES 
and 
SILICOFLUORIDES 


MARCH 1961 
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JAMES WILKINSON & SON LTD. 
TINSLEY PARK ROAD - SHEFFIELD 9 
Tel. 41208 Grams: Chemicals, Sheffield 9 


LONDON AGENTS & DISTRIBUTORS 
JOSEPH WEIL & SON LTD., FRIARS HOUSE 
39-41 New Broad Street, London, £.C.2 


MIDLANDS AREA OFFICE 
153 Parker Drive, Leicester 
Telephone: Leicester 6386! 
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Siemens-E-diswan 60-amp 
Input Junction Box moulded 
in D MC in four parts 

by AE]. ( Aldridge) Ltd. 





Good-looking grille on Morphy-Richards 
Fan Heater is a moulding by Chystalate 

( Mouldings) Ltd. in a special“ thin flash”’ 
grade (1..1834) of Beetle DMC. 


Wolf Safetymaster”’ 


Power Tool, D MC 
mouldings by Minerva 
Mouldings Ltd. are 
Beetle Polyester D M C is equally outstanding for its electrical insulating ingeniously designed to 
and anti-track properties as for its high heat resistance and mechanical provide double insulation. 
strength. That’s why it is unbeatable for high-duty applications, of which 
the examples shown are typical. D MC is economical because it is fast- 
curing and simple to mould under low pressure in conventional compress- 
ion and transfer presses. Compatibility with metals and dimensional 
stability are above normal for thermosetting materials. 
Two glass-filled types are available: Type A for general purpose and 
electrical components ; Type B, a self-extinguishing material. Also Type 
C, an economical sisal filled compound. Write for full details. 


BEETLE* 
Polyester dough rMoulding Compound 


BI?) B.1.P. Chemicals Limited, Oldbury, Birmingham. Phone: BROadwell 206! Telex: 33-347 
wie London Office: Haymarket House, 28 Haymarket, S.W.| Phone TRAfalgar 3/2! 
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With Combi-Element building bricks you can tackle your 
instrumentation problem direct from the block diagram, No need 
to test and prove individual circuits, 

Here is a quick and convenient means of assembling ‘one-off’ 
equipments and prototypes in the laboratory. 

On the assembly line, too, Combi-Elements speed up the works. 
In the manufacture of complete equipment—measuring units, 
machine tool controls, computers, etc.—compact Combi- 
Elements give greater flexibility to their composition, save space, 
and simplify stock control and ordering problems. 
Combi-Element building bricks are produced in large quantities. 
This enables them to be supplied at low cost and ensures that a 
uniform high standard of reliability is achieved. 


backed by comprehensive 
design advisory service... 


Mullard Equipment Limited will be happy to discuss with you 
the possible uses you can make of these and other electronic 
sub-assemblies. A whole wealth of technical advice is freely 
available to you. Mullard Equipment Limited can also design and 
construct sub-assemblies, assemblies and systems to your 
individual requirements. A regular ‘Sub-Assemblies Bulletin’ is 
now being published, write to Mullard House to have your name 
put on the mailing list. 


... for sub-assemblies, 
assemblies and systems 
2. 
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electronic sub-assemblies 


Combi-Element Building Brick 


Each Combi-Elementis... 
A complete circuit with a new order of reliability 
tested under marginal conditions 


Guaranteed for satisfactory working and long 
life 


Constructed so that the inputs and outputs of 
different units can be directly interconnected 


Hermetically sealed against humidity and other 
adverse conditions 


The present range of units is as follows :— 
Pulse Shaper 

Flip-Flop 

One Shot Multi-Vibrator 

Twin Emitter Followers 

Emitter Follower/Inverter Amplifier 
Twin Inverter Amplifiers 

Twin 2-Input AND Gate 

Twin 3-Input AND Gate 

Twin 2-Input OR Gate 

Twin 3-Input OR Gate 

Shift Register Flip-Flop 

Pulse Logic 


Power Supply Units 





MULLARD EQUIPMENT LIMITED MULLARD HOUSE * TORRINGTON PLACE 
|e oN Re LONDON W.C.i. Tel: Langham 6633 
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SERVOMEX 


tabilised 


magnetic stabilisers of similar 
corrected in 100 milliseconds. 


The range comprises : 

DC.60 24-240 volts 0-5 amps 
DC.59 12-120 volts0to10 amps 
@ Ripple at full load, about 0.1% 


R.M.S. 

@ Stability + 0.3% of the 
maximum voltage of the 
instrument. 


power. Small errors are fully 


DC.58 6-60 voits 0 to 20 amps 
DC.56 3-30 voits 0 to 40 amps 
@ The workmanship and the 
bulk of the components are to 
military specifications, robust, 
easily serviced by non-special- 
ists, and suitable for tropical 
climates. 


Servomex Controls Ltd., Crowborough, Sussex. Crowborough 1247 


ELECTRONIC ENGINEERING 


MARCH 


. Power Supplies 


A range of relatively high power d.c. stabilisers capable of standing 
heavy overloads and suitable for continuous industrial use by 
unskilled people, and even students. Although the correcting 
mechanism is mechanical, the response time is shorter than many 


1961 
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shown above is a specimen of the work done « 


SERVOMEX 
New Field Plotter 


This novel device can be applied to field problems in many branches 
of science and engineering; in fact, wherever the inverse square 
law applies. The interesting example above shows lines of electric 
equipotential in the insulation of a transformer. Observe that the 
electric stress has been magnified near the windings, because the 
equipotentials at these points have been plotted every 5% instead 
of every 10% as in most of the field. The price is £33, delivery from 
stock. 


This field plot was supplied by the courtesy of the Transformer Development Department 


of Ferranti Limited, Hollinwood. 


Servomex Controls Ltd., Crowborough, Sussex. Crowborough 1247 
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SILIGON CHARACTERISTICS 


AT GERMANIUM PRICE 


% now costs less than any other silicon alloy transistor 
3% Now even cheaper than many germanium types 





SO NOW you can specify a quality silicon alloy transistor — in most of those instances where 
previously silicon semiconductors were considered too costly. What’s more, there are no 
delivery problems. Thanks to Mullard large scale production, the OC200 is available for 
immediate delivery in quantity. 

Already, of course, the OC200 has proved its worth in practical applications. Low bottoming 
voltage . . . low noise figure . . . unusually wide temperature range. The OC200 has all the 
attributes you could wish for in a general purpose transistor. It is suitable for use at low and 
high temperatures in switchgear and a wide variety of industrial equipment. And now that 
price is no problem — the scope of the OC200 grows wider still. If you would like further details 
simply write to the address below. 





perating arnbient 





semiconductors 
for industry 





MULLARD LIMITED 
Semiconductor Division 

Mullard House * Torrington Place 
London WCI - Tel: LANgham 6633 
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- AUTRONEX 
 Gteid Gold 


A Hard Bright Gold for the most exacting 
industrial applications — a mildly acid 
solution—plating at room temperature with 
absolutely no free cyanide. 





Ideal process for semi-conductor devices 
with electronic equipment—ranging from 
ballistic missiles to office data processing 
machinery. 


Newest and fastest computor systems for 
business and scientific use, utilise printed 
circuit boards plated with AUTRONEX 
Acid Gold. 


Some of the advantages are:— 


Harder and more wear-resistant 
surfaces. 


Elimination of gold strike. 


Promotion of higher bond strength 
of circuit to dielectric base material 
(no damage to adhesive layer). 


Elimination of circuit lifting or re- 
jects on boards plated after etching. 


Obtain details and have samples processed in 
our Pilot Plant 


Printed circuit panels with bright gold Enlorged 
plate eliminates need of air conditioned nut show 


view of cross se 
ng uniform de 
cobinetsé to prevent migration The Gold even at the bottom of 
does not oxidize, mokes good. soldered 
joints for all electrical work 


eads Solution 
throws uniform depth of gold plete without 
special anodes 


STONEFIELD WAY ~- VICTORIA ROAD 


M.L. ALKAN LTD. rursur - mivotesex 


'Phone: VIKING 3301 (4 lines) 


Offices in BIRMINGHAM - BRISTOL - BURNLEY 
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STABILISED 
POWER 
SUPPLIES 


MODEL 2763 

LOW VOLTAGE KLYSTRON SUPPLY 
Resonator Supply 250 V — 400 V. 0-50 mA. 
Reflector Supply 50 V — 400 V. 0-50 microamps. 
L.T. Supply 5.5 V — 6.5 V. D.C. 0-1 Amp. 
Aux. Supply for associated circuitry 409 V. 0-20 mA. 
Stability better than 0.2°,, on H.T. lines for input 
variations + 10%. 

Ripple less than 2 mV R.M.S. 

PRICE £155 ex-works. 








MODEL 3798 


0 — 50 V. D.C. 100 mA. 

6.3 V.5 Amps. A.G. 

Maximum variation of D.C. Output Voltage less than 
50 mV for input variations 10°, and no load to full 
load current. 

Ripple less than | mV R.M.S. 

PRICE £60 ex-works. 


ELECTRONIC 
INDUSTRIES 
LIMITED 


ELECTRONIC ENGINEERING 





MODEL 508 

0 — 500 V. D.C. 350 mA. 

6.3 V. 10 Amps. A.C. 

Neg. 250 V. 25 mA. 

Stability of D.C. Outputs better than 
+0.1% for input variations +10%, 
and no load to full load current. 
Ripple less than 3 mV R.M.S. 

PRICE £98 ex-works. 
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The use of Confiex conduit system on the Telecine 
Routing Desk at the B.B.C.’s new Television 
Centre is a completely new approach to install- 
ations of this nature. Many troubles that are 
normally associated with circuit changing are 
completely eliminated. 


Advantages of this system are many and include: 


e A high degree of flexibility—no metal fatigue. 


e Terminations that fit British and American 
connecters, junction boxes, etc. 


e Eliminations of special cable lays, moulded 
harnesses and problems involved in encap- 
sulation. 


e Simplification of connecter wiring and easier 
conductor changes. 


e /nsitu assembly that requires no special tools. 


e Provision for double-screening on R.F. 
circuits. 


% Write for full technical details. 
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Only frangitron offers 


Here is another dramatic advance 


DIFFUSED MESA TRANSISTORS 
FOR EVERY POWER RANGE! 


..» WITH ADVANCED PACKAGES, HIGH VOLTAGES, 
HIGH CUT-OFF FREQUENCIES, LOW Rs AND BETA LINEARITY 


SMALL SIGNAL MEDIUM POWER 
TRANSISTORS TRANSISTORS 


switching and emplifcotion. Reploces f To replace 2N339-343, with improved high 
pte 2N338 with higher cut-off frequencies frequency characteristics, good Beta linearity, 
lower Res, smaller sized TO-18 package, higher low Res, higher voltage ratings (to | 25 volts) and 
jon th and greater reliability. greater power dissipation. 
Write for bulletin TE-1 353T/-1, -2, -3 Write for bulletin TE-1 355j-1 & TE-1 355E-2 


INTERMEDIATE 
POWER 
TRANSISTORS 


HIGH POWER 
TRANSISTORS 





For power output stages, high power tra For regulated power supplies and converter 
drivers, and servo amplifiers — oo man iO47- 50 applications — replaces 2N/0/ 5-16, 2Ni 487-90 — 
and 2N/ 483-86 — offering low Res Beta with low Res (typical -8 ohms) higher cut-off 
linearity and voltage ratings to 120V. frequencies, and lower leakage currents. 

Write for bulletin TE-/ 3555 Write for bulletin TE-1 355R 


With these new transistors, Transitron offers improved performance and 
outstanding features in all power ratings from 100 microamps to 5 amps. Each 
functions in a wide operating range— permitting use of fewer types and simplifying 
equipment manufacture. All provide the ruggedness and reliability of mesa silicon 


construction and have high minimum switchback voltages guaranteed by specifications. 





tomorrow’s solutions today! 


Research in depth—a new concept of applied technology—keeps Transitron 
not merely in the lead, technically speaking, but always at least one step 
ahead of the evergrowing demands of industry. It produces a constant flow of 
better and even more efficient materials. This, in turn, enables the Transitron 
Applications Laboratory in Europe to design circuits that answer any 
customer’s specific problems. 

Transitron now offers the widest range of high quality silicon semi-conductors 
available—with a service that ensures prompt and speedy delivery wherever 


you are in Europe. 


Readily available from stock are many transistors including: 
SMALL SIGNAL MEDIUM POWER 


Reference Reference 
British poeceaes — 
4 
2N332 $00! 
_ 2N498 28018 
— 75002 2N656 28019 
2N334 2S003 2N657 25020 


2N335 25004 HIGH POWER 
2N338 2S005 2N389 28012 


SN337 28014 2N424 2S013 


American 


WORLD’S LARGEST MANUFACTURER OF HIGH QUALITY SEMI-CONDUCTORS 


TRANSISTORS - DIODES + RECTIFIERS + SWITCHES +- REGULATORS: REFERENCES 


a 
; mene ] i @) electronic limited 
isiiom Ol, Ba 1Oleh-) men a.) 1101) ae ter Cem mel, 101e), ma’. he “4 


Telephone EALing 8042 





DIRECT PHASE and AMPLITUDE MEASUREMENTS 
in POLAR (ro) and CARTESIAN (ajo) CO-ORDINATES 


i Signal in Polar (R, ©) and Cartesian (a, jb) Coordinates 
Wi Frequency range 0.1 c/s — 1 kc/s (+ 2%, accuracy) 
@ /dentification of vector quadrant 
ies Te ieee, wi High sensitivity (50 mV F.S.D.) 
gi Discrimination against noise and distortion 


( dl : r ~. ‘ 
SOLARTRON @ Optional Log Amplitude Phase indication for Nichols chart 


- 


SO AOE The Solartron T.F.A. and Reference Resolver JX 746 combina- 

tion is unique in that it provides the required response of a 

TRANSFER system in a form suitable for the direct plotting of Nyquist and 
FUNCTION Bode diagrams. 

The JX 746 extends even further the versatility of the already 

ANALYSER ctr.) world famous Solartron T.F.A. and provides a digital display 
of phase angle. 

The basic principles of this new technique in dynamic analysis 

REFERENCE are best explained by reference to the following experimental 


RESOLVER wx 76) procedures. 


AND 


1 To plot the Frequency Response of a given system over the range 
0.1 c/s —1 Ke’s in Nyquist and Bode form. 


il To plot Amplitude and Phase Difference between two elements within the loop. 


APPARATUS 3rd step: 
By means of Reference Resolver 
1. Oscillator (OS 103.2) 
‘ (JX 746) rotate reference axes of the 
2. Resolved Components Indicator ye 5 Resolved Components Indicator until 


3. Reference Resolver ( 46) the quadrature meter reading is zero 
(see fig. 2). 
LAYOUT 











RESOLVED COMPONENTS 4th step: 
SYSTEM UNDER Lv N 
_INDICATOR. - Note R reading on Reference 


| Oscitaror line pepe coe uenauns Meter 1 and digital reading on 








fi maTeR | er JX 746 Plot on Nyquist and Bode 
—~ | — diagrams 
0 


- 
SASS: SeRREE 
giae. REFERENCE RESOLVER 
METHOD Amplitude and Phase Comparison between two points in the system 
«P, and P2) 


t Overall Frequency Response (at P:) Having already resolved P, into R and form, switch Resolved Com- 
1st ste ponents Indicator to P, and repeat the 3rd step. 
p: Note differences in Amplitude and Phase on Reference Meter 1 and 


Feed system under test with accurate frequencies over 0.1 c sto lkcs JX 746 respectively 
(Oscillator OS 103.2) 
RESULTS 





























Nyauist 
2nd step: Diagram 
Observe in-phase and quadrature 
components ‘a’ and ‘jb’ shown on 
Meters 1 and 2 of the Resolved 
Components indicator VP 253.2. (see 
fig. 1) 
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The Solartron T.F.A. comprises 


The ease of operation and high measuring ac- 
curacy of Solartron T.F.A. and JX 746 are unsur- 


passed in the field-of dynamic analysis. These 
are precision instruments for determining the 
behaviour of— 

Electrical, Mechanical and Hydraulic Servosystems 
—Amplifiers — Networks — Self Regulating Sys- 
tems—complete Servomechanismsand Regulators 
—Automatic Process Control Equipment--etc— 
under all operating conditions 





the L.F. Decade Oscillator (OS 103.2) 
and the Resolved Components Indicator (VP 253-2) 


RESOLVED COMPONENTS INDICATOR VP 253.2 
(Frequency coverage 0.5 c/s — 1 kc/s) 


This is an L.F. Valve Voltmeter with two special 6" diameter meters indicating 
in-phase and quadrature components of the signal voltage with respect to a 
reference voltage of the same frequency 

Spurious noise and harmonics are cancelled out in the unique measuring method 
employed in this instrument. An amplifier overload indicator ensures that no 
false readings are taken on the meters, which are themselves protected against 
overload 





THE REFERENCE RESOLVER JX 746 
(Frequency coverage DC — 1 kc/s) 


Specially designed for use with the Solartron T.F.A., enables the transfer informa 
tion to be expressed directly in terms of amplitude and phase. The phase angle 
is displayed by three digital indicators 





L.F. DECADE OSCILLATOR OS 103.2 
(Frequency range 0.01 c/s — 11.1 kc/s to cover sub-audio and audio) 


This oscillator, specially designed for T.F.A., generates low distortion sine-waves 
4 phases — 0°, 90°, 180° and 270 
A built-in meter gives an accurate level indication of the stabilised output down 


to the lowest frequency 

A precision attenuator enables the 10 V stabilised output to be accurately 
attenuated in 108 steps down to 10 mV 

A square-wave output is also available, covering the same frequency range and 
of continuously variable amplitude up to 17 V pk-pk. 


For full information write now to: 
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SOLARTRON LABORATORY INSTRUMENTS LIMITED 


Cox Lane, Chessington, Surrey. Tel: LOWer Hook 2150 


Cables: SOLARTRON CHESSINGTON 


Telex: 23842 SOLARTRON T.DIT 
& A member of the Firth Cleveland Group 


HOPG BCS) 
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ele) hvs ele) (= 
couplers 


stale) 
‘er-4e)i=)> 


is demanded BICC 
Polypole Couplers are the first choice. BICC design and manufacture Polypole 
Coupler Systems to meet specific requirements. These systems, incorporating 
flexible multi-core cables terminated with robust moulded-on couplers, are 
particularly suitable for electronic control equipment in industry. Further 
information is freely available. Write for Publication TD TPC 5 


British Insulated Callender’s Cables Limited 21 Bloomsbury Street, London W.C.1 
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PERMANENT 
ATTRACTION 


MAGLOY | 


Registered Trade Mark 


cast permanent magnets 


The outstanding qualities of MAGLOY materials enable the 
production of precision-cast magnets, even of small sizes, to 
relatively close tolerances. In addition, aluminium and 
sy nthetic jackets, for mounting purposes, provide a complete 
safeguard against magnetic damage. 

High resistance to shock and vibration and to external 
magnetic influences, is further proof of the superiority of 
MAGLOY permanent magnets—produced at a plant capable 


of manufacturing a quarter of a million every week, 


Remember, Preformations Limited offer a unique research- 
design facility to Design Engineers in the electronics indus- 
tries. All the experience and services for the development 


of special designs to meet exacting needs are available. 


Preformations Limited 


ONE OF THE [ Plessey GROUP OF COMPANIES 


CHENEY MANOR - SWINDON -: WILTS 
Telephone: SWINDON 6251 Telex: 44-385 
@) PM2 
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Transistorized 


UNIVERSAL 


COUNTER 


TIMER 


Frequency Measurement 


Random Counting 


Frequency Division 


Time Measurement 


Frequency Standard 


36 ee 23 


This fully transistorized portable equipment pro- 
vides for a wide range of time and frequency 
measurement as well as facilities for counting, 
frequency division and the provision of standard 
frequencies. The facilities available are briefly listed 
below: 


TIME/UNIT EVENT (1 LINE): For the measurement 
of the time interval between two occurrences in a 
continuously varying electrical function in the 
range 3usec to 1sec. The time for 1, 10 or 100 
such events can be measured. 


TIME/UNIT EVENT (2 LINE): For time measurement 
in range 1usec to 2777hrs. of any interval defined 
by a positive or negative going pulse in any 
combination. 


EVENTS/UNIT TIME: For frequency measurement 
in range 30c/s to 1Mc/s over period of 0-001, 0-01, 
0-1, 1 or 10secs. Crystal accuracy +2 parts in 
10°/week. For mains or 12Vd.c. operation. 


Full technical specification available on request. 


RANK CINTEL LIMITED 
ee WORSLEY BRIDGE ROAD - LONDON - SE26 


HITHER GREEN 4600 


Sales and Servicing Agents: Atkins, Robertson & Whiteford Ltd. Industrial Estate, Thornliebank, Glasgow ; 
McKellen Automation Ltd., 122 Seymour Grove, Old Trafford, Manchester, 16; Hawnt & Co. Ltd., 112/114 Pritchett Street, Birmingham, 6. 


ELECTRONIC ENGINEERING 


MARCH 


1961 





EE 31 103 for further details 








100 500:.. 


DIRECTLY 
CALIBRATED 


The v.w.e. TYPE DI/D 


SIGNAL GENERATOR 


The type D1/D is a V.H.F. Signal Generator 
of rugged construction designed for both 
laboratory use and also the severe conditions 
of ‘the field’. This instrument is widely used 
by communication engineers throughout the 
world, and has the following outstanding 
features: 








@ Wide frequency range—!0 to 300 Mc/s. 


@ Reliable Attenuator: Output variable over 100 
dB from | nV to 100 mV. 


@ Negligible stray field. 
@ Sine and Square Wave Modulation. 


Nett Price in U.K. 


£97 


Full technical details in Leaflet K 43 





Both the D1'D and the DiP/2z are 


now available with an output 
impedance of 50 ohms. 





cs 
Advance > 


—to be sure! 


THe aovance TYPE DIP/2 V.H.F. SIGNAL GENERATOR 





This model is a special version of the D1/D designed 
for the alignment of narrow band communication 
receivers, and incorporates: 
@ Crystal Modulator, eliminating spurious frequency modu- 
lation. 
@ 2 Mc/s Crystal Reference Oscillator. 
@ Buffer stage, eliminating attenuator reaction on the oscil- 


lator frequency. 
Nett Price in U.K 


Advance COMPONENTS LIMITED Full technical details in Leaflet K 37 


ees INSTRUMENTS DIVISION 
ROEBUCK ROAD « HAINAULT + ILFORD + ESSEX TELEPHONE: HAINAULT 44446 
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Yes, it’s true. The ruc Zettler telephone type Relay AZ 130 
measures less than a thumb’s length. A masterpiece of 
compactness, it provides adequate contact pressure yet 
retains high sensitivity and accommodates 18 springs each 
fitted with twin-contacts. Where space is of primary 
importance this competitively priced relay is an ideal 
replacement for the 3000 type. It can, if necessary, be 
mounted with Tuc microswitch type ST 122. 

TWO OTHER TMC MINIATURE TYPE ZETTLER RELAYS ARE: TMC 
Zettler Relay AZ 20 general purpose Relay. Can be fitted 
with light or heavy duty contact actions—or with low 
capacity change-over actions for high frequency purposes. 


AaAmns & le CORE 1. Ame 


AZ130 


TMC Zettler Relay AZ 210 Very compact, screwless con- 
struction. Four change-over actions. Fast speeds. Card 
operated springs. Printed circuit version available. 


THERE ARE TMC ZETTLER RELAYS WITH THESE FEATURES 


> Gold flashed contacts for marimum reliability 
> Injection moulded nylon lifting pins to give high stability 
> A wide range of operating coils 


> Plastic covers for greater protection—keep out dust when 
installed 


Mercury tubes for switching large loads 
> Latching features > Twinned contacts 


Write now for further information Relay Division B 


TMC 
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Telephone Manufacturing Company Limited 
Martell Road, London, S.E. 21 


Telephone GiPsy Hill 2211 
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THE 
“SYNCHRONOUS 
CHOPPER’ TYPE CK3 


* 


* 
* 
* 
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SOME FEATURES 


Lew Electrical Noise (designed 
for high-impedance measurements) 


Contact Settings Readily Adjustable 
Small Size (Fits standard B9A valve base) 
Hermetically Sealed 


Associated Electrical Industries Ltd. 
Instrumentation Division - Instrument & Meter Department 


TRAFFORD PARK, MANCHESTER, I[7 


G/R 80! 
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F448 £8 O44 POET Ee 


manufacture the largest range of 


servo motors in the world 
Please ask for Publication EO.320 


INTERNATIONAL INSTRUMENTS DIVISION 
EVERSHED & VIGNOLES LIMITED 


ACTON LANE WORKS CHISWICK’ LONDON, W.4. 
Phone: CHIswick 3670 Telegrams & Cables: Megger London Telex 22583 


Pe 
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ENGLIM ELECTRIC announc the first 


1} 


HIGH VACUUM 


ARIABLE 


CAPACITORS 


developed and 
manufactured in Britain 


The range comprises five types for operation in high voltage r.f. 
circuits which are all tunable over an approximately linear 
capacitance range. High vacuum variable capacitors offer outstand- 


ing advantages over conventional air dielectric counterparts :— 





* Compactness relative to high 


ce (“ENGLISH ELECTRIC 


* Low self inductance and stray 
capacitance. 

. P . 0.6 E.E.V Approx linear Max peak te 
No electrostatic dust precipi- | "°° | capacitance | oo ocitance | Mf. voltage ee 

tation on plates. range (pF) — (kV) 7 


* Easily demountable. 





Shaft turns Max r.f. 


in linear Max 





U30/15 5—30 10.4 15 10* 
Full information on the present wm A = + “3 ay 
range is available from the | 2 5.5-—206 7 8 50+ 
address below: U200/10! 5.5—206 17 10 0+ 
Further types will be added to 
meet future requirements. * Up to 30 Mc/s t Up to 20 Mc/s 


ENGLISH ELECT EEL VAD TS ee eee 


Chelmsford, England Telephone: Chelmsford 3491 | AGENTS THROUGHOUT THE WORLD 
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ON STAND No. U9 
At the A.S.E.E. Exhibition, 
Earls Court, March 21st-25th 


OE 


NAVAN 


DurRacias 


“ Duraglas” Glass -fibre Tapes 
have many applications within 
the electrical insulation field such 
as conductor insulation, coil 
wrappings, core bindings, mech- 
anical reinforcements, cable 
wrappings, and heat resistant 
protective coverings. 


PYROFLEX 
Regd. 
“ Pyroflex”’ Asbestos Listing 
Tape has been specially designed 
for the electrical industry. 
“ Pyroflex” is manufactured from 
carefully selected and purified 
fibres, and is suitable for a wide 
range of electrical insulation 
applications. 


p.t.f.e. 


p.t.f.e has exceptionally good 
di-electric properties, is non- 
tracking, non-flammable, 
resistant to moisture and totally 
unaffected by weathering con- 
ditions. As a result it has a wide 
application in the electrical in- 
dustry in the form of tape for 
the insulation of cables, motors 
and transfor mers. 


he SMER S TAPES DESIGNED TO COVER ALL INSULATION REQUIREMENTS 


TURNER BROTHERS ASBESTOS CO LTD ROCHDALE ENGLAND 


A MEMBER OF THE TURNER & NEWALL ORGANISATION 
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SPECTROMETER 
SPM 1 


A Sound Spectrometer conforming fully with the inter- 
national requirements of the Rapallo Convention, the 
Advance SPMI1 provides for the accurate and rapid 
measurement and analysis of noise from any source. A 
compact and light-weight instrument, self-contained with 
its own battery power supply and sensitive microphone, 
the SPM1 is truly portable and well adapted to a wide 
range of applications involving the measurement and 
calculation of: 


te SOUND LEVEL AND NUISANCE VALUE 
te ACOUSTIC INSULATION 


x BACKGROUND NOISE AND SPEECH 
VALUE 


%& ACOUSTIC AND VIBRATION 
INVESTIGATIONS AND ANALYSES 





SPECIAL FEATURES INCLUDE 

@ Built-in meter for monitoring sound 
pressures from +- 20dB to + 150dB 
and ‘loudness’ at three ‘weightings’. 

@ Jack for connection of headphone for 
aural monitoring. 

@ Choice of eight filters covering the 
ra we 20 c/s to 12000 c/s. 

@ Built-in retractable microphone. 

@ Provision for connection of external 
microphone, or for connection of 
transducer or accelerometer for vibra- 
tion measurements. 











THE ESSENTIAL INSTRUMENT FOR ALL 
ACCOUSTIC INVESTIGATIONS 


WET PRICE in U.K. £210 








Advance COMPONENTS LIMITED 


oe ONSTRUMENTS DEIVESEOR Jane 
ROEBUCK ROAD » HAINAULT « ILFORD « ESSEX * TELEPHONE | HAINAULT 4446 


1T/F/a 
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More ‘Melinex’ 
in 1961 





1.C.I. build new plant to produce 
2,000 tons of ‘Melinex’ film per year 


by JANUARY 1961, a new ‘Melinex’ polyester 
film plant will start production at Dumfries 
with a rated capacity of 2,000 tons/year. I.C.I., 
who are the sole manufacturers of polyester film 
in this country, have been selling ‘Melinex’ for 
some years. The demand has increased rapidly 
and I.C.I. have been allowing imports of 
American and Continental film to supplement 
their limited production. The new plant will 
remove the necessity for such imports. 

More and more firms are appreciating the 
outstanding properties of ‘Melinex’ film. Its 
unusual clarity and strength (both mechanical 
and electrical) combined with its great dimen- 
sional stability and resistance to heat and chemica! 
action, are improving a very wide range of 
products throughout industry. 


mV (s)llals> 4 


IMPERIAL CHEMICAL INDUSTRIES LIMITED 


Where ‘Melinex’ film is now being used : 

The Electrical Industry —in coils, capacitors, cables, 
recording tapes and loudspeakers. 

Drawing Offices—as a flexible, durable and dimen- 
sionally stable drafting film. 

Display —in metallised form for tinsel and as coloured 
tapes and panelling. 

The Book Trade—for protecting covers and as a base 
for hot stamping foils. 

Footwear & Leather goods—in metallised form for 
shoes and fashion accessories. 

The Food Industry—for improving the sales appeal 
of goods and for ‘boilable’ packs. 


The range of uses for this versatile film will 
widen considerably in 1961. If you would lige further 
information or wish to discuss a possible application 
for ‘Melinex’ film, please write to I.C.1. Their Tech- 
nical Service staff will be pleased to give advice and 
technical assistance. 


*Melinex’ is the registered 
trade mark for the polyethylene 
terephthalate film manufactured by I.C.1. 


LONDON 























ELECTRONIC ENGINEERING MARCH 1961 





EE 31 111 for further details 


MARCONI 


INSTRUMENTS 
for Impedance Measurement 


Among the most sought-after Marconi instruments, the Q-Meters 
and Bridges are proof of the Company’s mastery of instrumenta- 
tion. They permit the determination of the properties of 
resistors, capacitors, and inductors, transmission line compo- 
nents, cables and dielectrics, over a wide frequency range. 


1, DIELECTRIC TEST SET Type TF 7048. For precise measurement of the 
permittivity and power factor of solid and liquid dielectrics. Oscillator 
frequency range : 50 kc/s to 100 Mc/s. 

2. CIRCUIT MAGNIFICATION METER Type TF 1245. Direct measurement of Q 
factors from 5 to 1,000 over the frequency range | kc/s to 300 Mc/s. 
Indirect measurements: inductance, capacitance, dielectric loss, phase 
angle, power factor, etc. 

3. V.H.F. ADMITTANCE BRIDGE Type TF 978. Measures conductance and 
capacitance, particularly of aerials and transmission lines, in the 
range 30 to 300 Mc/s. Conductance range: 0 to 50 millimhos. Cap- 
acitance range: -40 to +40uuF, inductance being measured as 
negative capacitance. Accuracy : 2%. 

4.4% UNIVERSAL BRIDGE Type TF 1313. Gives 4% accuracy in 
measurement of inductance, capacitance, and resistance. Direct 
reading: 0.1uH to 110 henrys at 1 and 10 kc/s;0.luuF to 110uF 

at 1 and 10 kc/s; 0.01 ohm to 110 MQ at d.c. 

5. UNIVERSAL BRIDGE Type TF 868B. Measures inductance and cap- 
acitance at | or 10 kc/s, resistance at d.c. Direct reading : 

1uH to 100 henrys; luuF to 100uF; 0.1 ohm to 100 MQ. 

6. LOW-CAPACITANCE BRIDGE Type TF 1342. A 3-terminal trans- 

former ratio-arm bridge for high-discrimination measure- 

ment of capacitance from 1,llluuF down to 0.002uuF, 

with 0.2% accuracy. Shunt resistance range:1 to 1,000M 22. 

Built-in oscillator and detector operate at 1,000 c/s. 

7. R.F. IMPEDANCE BRIDGE Type 0A 199A/2. Precision-built unity- 

ratio bridge for the measurement of balaneed or unbal- 

anced impedances at frequencies between 100 kc/s and 

20 Mc/s. Bridge and oscillator-detector separately 

available. 

Marconi Instruments can also offer Slotted Line, 

Type TF 1264, specially designed for use in the 

1,700- to 2,300-Mcis multi-channel link band, 

plus V.S.W.R. Indicators. 


MARCONI instRUMENTS 


THE INTERNATIONAL CHOICE FOR ELECTRONIC MEASUREMENT 


AM & FM SIGNAL GENERATORS * AUDIO & VIDEO OSCILLATORS * FREQUENCY METERS - VOLTMETERS - POWER METERS * DISTORTION METERS 
TRANSMISSION MONITORS * DEVIATION METERS * OSCILLOSCOPES, SPECTRUM & RESPONSE ANALYSERS * Q METERS & BRIDGES 
Please address enquiries to MARCONI INSTRUMENTS LTD., ot your nearest office 
Londen and the South: English Electric House, Strand, London, W.C.2. Tel: COVent Garden 1234. Midlands: Marconi House, 24 The Parade, Leamington Spa. 
Tel: 1408. North: 23/25 Station Square, Harrogate. Tel: 67455. Export Department : St. Albans, Herts. Tel: St. Albans 59292. 


REPRESENTATION IN 68 COUNTRIES 
TCI90 
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If its hot... 


6-speed multi-channel recorder 





@ EPSYLON Magnetic Tape Recorders 

provide the most versatile recording 

facilities for research, development and control. A few of the interesting 
features of the Epsylon range;are: wide frequency range from DC; 
tape speeds up to 150 ins./sec; 16 channels per inch; capacity 5,000 ft; 
endless loop; remote control; choice of speed ranges; recording and 
replaying at different speeds. Eminently successful applications include 
data recording in aviation, missiles, machinery, and other industries, 
seismography, process control, monophonic and stereo sound, digital 
computing. If it’s hot (or cold, fast or slow, a tune or a strain, tremor or 
thump, ora digit) please let us send you full details of the Epsylon range. 


EPSYLON INDUSTRIES LTD Faggs Road, Feltham, Middlesex, England. Telephorie: Feltham 509! 
A Member of the Stone-Platt Group & 
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The BRT.400 is still the best 


The BRT.400K is an outstanding general-purpose communication receiver that is 
simple to operate, extremely sensitive to weak signals and stable in performance. 

It is widely used by the British Broadcasting Corporation, 

and by Broadcasting Authorities, Posts and Telegraph Departments, Oil Companies, etc., 
throughout the world. 


Outstanding features of performance and presentation are :— 
Six frequency ranges between 150kc/s and 385kc/s and 0.§1Mc/s and 30Mc/s. 
Effective scale length of 41 feet per range. 

Only 3db change in output for 100db change in input. 

Negligible oscillator frequency drift. 

gkc/s audio rejector filter (optional). 

Clarity of scales on six independently edge-illuminated Perspex strips. 


Operational with crystal controlled oscillator (BRT.405) 
on any six chosen frequencies. 


Operation from mains supply or standby battery. 
Table or rack mounting models. 
Suitable for all climatic conditions. 


For full details and quotations please write to: 
Radio Communications Division, 
THE GENERAL ELECTRIC COMPANY LIMITED, OF ENGLAND, 


Lower Ford Street, Coventry, England. 
Senee's GEC 5? 
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FERRANTI 


MICROWAVE FERRITE COMPONENTS 
FOR RADAR AND COMMUNICATIONS 


Included in the range are :- 
ISOLATORS 
Peak Powers up to 24 MW. at S-Band. 


Peak Powers up to 200 KW. at X-Band. 


3 & 4 PORT CIRCULATORS, 
SWITCHES AND MODULATORS 


3 & 4 Port Circulators, Switches and Modulators, 
for S-Band and X-Band Applications. 








a : 








Write for further details to :- 


FERRANTI LTD KING’S CROSS ROAD DUNDEE Telephone: DUNDEE 87141 


DS/T70 
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This valve now 
has the 

American number 
79 72 

issued by 

E.1.A. 


this 


Ediswan 


valve 


is going 
We'd like to hook a finger in your buttonhole and 
O give you the whole story of our improved valve pro- 


duction—the new machines that we’ve developed 


ourselves, the brilliant time and labour saving 
O U techniques our bright boys have worked out, and 
the gratifying response to our drive for increased 


efficiency. But we’ll spare you and simply say that 


teat) Tae the result of it all is a drop in the prices of a number 
2 NA of our valves. The 13E1 is one of them. Write to us 


and we'll tell you about the others. 





EDISWAN 13£1. A tetrode with an outstanding performance 
for series or shunt regulation. 

onby ame Va (max) Da (max) Tx (maz) 
13-0V 2-6A 800V 90W 800mA 


EDISWAN INDUSTRIAL VALVES & CRT’s 


Associated Electrical industries Ltd Radio & Electronic Components Division, 155 Charing Cross Road, London W.C.2 Telephone: GERrard 9797 
TA 16/21 
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SYNCHROS 


VOMOTORS 


Write now for full information to: Ketay Limited 
Eddes House - Eastern Avenue West - Romford - Essex - SEVen Kings 6050 


Overseas Sales Organisation: Piessey international Limited - Iiford - Essex - 
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Combining precision engineering with rapid re- 
sponse and stability“of performance over a wide 
temperature range, Ketay Size 08 Synchros and 
Servomotors have been developed as part of a 
continuous programme to provide miniature com- 
ponents of improved performance and environmental 
resistance. Both Synchros and Servomotors have 
encapsulated stators, nickel alloy laminations and 
hermetically sealed windings which make the units 
essentially corrosion resistant. 


08 SYNCHROS 

@ High accuracy: less than + 7 minutes of arc error 

@ Temperature range: minus 55°C to plus 77°C (special 
version for 150°C will be available) 
Light weight: only 1.5 ounces (43 grams) 
High torque gradient: pre-loaded stainless steel 
bearings 
Stainless steel housings: through-bore construction 


08 SERVOMOTORS 

Outstanding high ratio of stall torque to power input 
(0.22 oz. in. for 1.75 watts control phase) 

High rate of acceleration from stall condition 
Temperature range: minus 55°C to plus 125°C. 


Hetay ’ 
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Commentary 


N the minds of most of the inhabitants of these islands 

‘Wembley’ is principally associated with a certain 
Saturday afternoon towards the end of the winter season 
when, before a vast gathering of spectators and with all 
the paraphernalia of this modern age, twenty-two players 
get together for a brief hour and a half in a north western 
suburb of London to decide on the championship of the 
year. 

Yet within a stone’s throw of the arena where this 
annual event takes place is a set of buildings which has 
a much greater claim to fame. 

The Buildings are of no great architectural merit but 
they house a research centre which has for some forty 
years established for itself a reputation which is unanim- 
ously acknowledged as one of the highest. It has contri- 
buted enormously to the advancement of knowledge 
particularly in the broad field of electrical science and 
while there are larger research institutions throughout 
the world housed in more modern buildings few are held 
in such esteem and affection as this particular research 
centre. 

It is of course the other ‘Wembley ’—the Research 
Laboratories of the General Electric Company and now 
after this long period its structure and name are to change. 

But this is no occasion for mourning for it is not the 
end of ‘Wembley’. On the contrary it is a reshaping 
and remodelling—processes which in fact have been 
going on for the last twelve years or so—in order to keep 
pace with the requirements of modern research and 
development. 

The pace of research in the post-war years has been 
phenomenal with new discoveries crowding in on us every 
day but what is frequently overlooked in this rush of new 
things is the way in which the pattern of research itself is 
changing. 

It is a sign of the times that except in too few cases 
modern industrial research has no plage for the individual 
‘researcher’ Twentieth century research, in electronics 
as in other branches of science, is a team affair calling 
for a wide range of specialist knowledges and techniques 
and requiring well equipped laboratories, which is equiv- 
alent to saying that modern research is an expensive 
business which has got to be paid for, and unless a dis- 
covery is capable of commercial exploitation it can find 
no place in the research laboratory of an industrial 
organization. 

But ‘ Wembley "—or to give it its new title, the Hirst 
Research Centre in memory of the Company’s founder, 
the late Lord Hirst—is not to be a vast monolithic struc- 
ture where the Organization Man. predominates. It is 
largely to be decentralized and will consist of seven main 
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operating groups each with a large measure of autonomy 
where, according to its Director, Mr. O. W. Humphreys, 
“extensive programmes of fundamental research... . 
will be planned by our senior scientists in their know- 
ledge of the Company’s interests and forward thinking’, 
and from these will derive ‘the scientific discoveries, the 
inventions, the glimpses of the shape of things-to-come 
essential to the maintenance of technological leadership.’ 

Twentieth century research is not only expensive, it is 
apt to be long winded as well and a considerable period 
of time is necessary between the initial discovery and the 
final marketing of the product. 

One need only quote the transistor as an example of 
what can happen when over enthusiasm outweighs caution. 

As is well known, the point contact transistor was dis- 
covered in 1948 by Bardeen, Brattain and Shockley at the 
Bell Telephone Laboratories and it was heralded—and 
rightly so—as a scientific discovery of major importance 
bringing them the award of a Nobel Prize. 

Yet it was over publicized and many of the claims made 
for it at the time just could not be substantiated, It 
proved unreliable, subject to all kinds of variations and 
exteremely difficult to manufacture in quantity. In short 
a much longer period of investigation was mecessary 
before the transistor could be accepted as a satisfactory 
device. 

What has now been evolved is the junction transistor 
which is a much more sophisticated and reliable affair 
than its predecessor of a mere twelve years ago. The 
theory of semiconductors on which the transistor action 
is based is now beginning to be understood and the way 
is being pointed to all sorts of fascinating and promising 
semiconductor developments such as the phenomenon of 
thermoelectric cooling in which the Wembley laboratories 
have played a leading part. 

And so the pattern of industrial research is being 
formed. No longer is it the rather casual approach with 
scientists pursuing their individual fancies and prefer- 
ences without regard to where the paths would lead. 
Instead it is now a planned operation with research running 
in parallel with engineering development and design at 
all stages, and it is on these lines that the new Hirst 
Research Centre will be based. 

But there is to be no massive upheaval and apart from 
the new nameplate over the entrance, Wembley will con- 
tinue much as it has done in the past with the Organiza- 
tion Man as its servant and not its master. 

It is gratifying to learn that there will still be a place 
for the individual at the Hirst Research Centre and all 
who have had a soft spot for the old Wembley, will wish 
the Hirst Research Centre well. 
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COLD-CATHODE TUBE CIRCUITS FOR 
AUTOMATION 


By R. S. Sidorowicz*, A.M.I.E.E. 


(Part 1) 


The following cold-cathode tube circuit elements are described; (1) four different pulse amplifiers; 
(2) four different delay circuits or univibrators; (3) three binary counters, three ring counters and 
a reversible or bidirectional ring counter; (4) three different logic OR circuits and two logic AND 
circuits; (5) a shift matrix or register; (6) six different oscillators and multivibrators; (7) a drive 
circuit for a digital display tube. The circuits are based on resistors, capacitors and three types of 
cold-cathode triode (types: XC18, XC23 and XC24). A subminiature cold-cathode stabilizer tube, 
type XC12T, is used as a source of stable biasing or priming voltage. All the circuit elements are 
self-starting and automatically return to their rest position after completing their operating cycle. 
The elements form a consistent set of cold-cathode tube circuits which can be used in the designing 
of industrial automation systems. A method of combining the circuits in such a way as to build a 
fairly complex system is illustrated by three practical examples: an electronic dial, a programmed 
batch counter and an electronic inspection device. The systems built of the cold-cathode tube circuits 
employ mechanical contactors, switches and photo-resistors as input devices; ghe output facilities 
are usually provided by electromagnetic relays. The systems require a single stabilized power supply 
of 180V and can operate at speeds in excess of 100c/s. 


(Voir page 196 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 203) 


HE automation of various production and testing 

processes in industry is regarded today as being not 
only highly desirable, but also perhaps inevitable. It is 
now widely accepted that the answer to automation prob- 
lems lies in the field of electronics which can provide the 
necessary control elements, The reasons for the present 
‘vogue’ for electronics are not hard to discover, if it is 
borne in mind that this science has progressed tremen- 
dously during the recent years and that today it is capable 
of providing control systems of great storage capacity, 
flexibility and complexity, and reliability and life com- 
patible with those of mechanical systems. On the other 
hand, electronics can often provide a simple solution. 
where a comparatively complex electromechanical system 
has been used. Furthermore, the automation of some 
processes has only become possible because of electronics. 
These characteristics make electronics invaluable in small, 
as well as large-scale, automation systems and bring the 
fully automatic factories into the realm of practical 
possibilities. 

Electronics today offers a large variety of devices and 
basic circuits, which cover a very wide range of speeds 
and power requirements. When confronting a specific auto- 
mation problem it is often found that the solution meeting 
all the technical requirements can be provided by several 
alternative electronic systems. Under these conditions, the 
choice of a particular system will be based on economic 
considerations, maintenance and servicing facilities and 
such ‘imponderables’ as personal preferences, aesthetic 
considerations and the willingness and ability of a manu- 
facturer to advise and help his customer. 

One means of solving the problems of indystrial auto- 
mation is provided by circuits based on cold-cathode gas- 
filled tubes. Such circuits are primarily suitable for those 
control processes, where the speeds involved are of the 
order of the normal industrial frequencies. Before ventur- 
ing any further into this field, it may be pointed out that 
no attempt will be made to discuss the economic aspects 
of cold-cathode tube systems or to compare them with 
other electronic devices. It should be mentioned, however, 
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that circuits using cold-cathode tubes have the valuable 
property of being self-indicating. This feature can greatly 
simplify the problem of fault-finding and maintenance of 
the equipment. 


General Characteristics of Cold-Cathode Tube Systems 

Cold-cathode tubes and the associated circuits have 
become fairly generally known during the last ten years. 
A substantial number of articles has been published, in 
which various aspects of cold-cathode tube systems have 
been discussed. The circuits described range from very 
simple basic elements to such complex systems as elec- 
tronic directors or exchanges’”. The known cold-cathode 
tube circuits can be divided inte two basic groups depend- 
ing on the technique of firing the tubes: 


(1) Bias-plus-pulse circuits'”*+*.%’, 
(2) Voltage-transfer circuits”. 


Recently, some novel cold-cathode circuits have been 
developed, where the advantages of the bias-plus-pulse and 
voltage-transfer techniques have to some extent been com- 
bined; these circuits are suitable for application in static 
control systems”. 

The bias-plus-pulse approach is characterized by the 
following features. A biasing voltage lower than the main- 
taining potential is first applied to the control electrode 
of the tube; the biasing voltage may have a comparatively 
slow rise-time (of tHe order of a few milliseconds). After a 
suitable time interval a comparatively short sharp pulse is 
applied to the electrode through a capacitor. The combina- 
tion of the bias and the pulse is sufficient to fire the tube. 
A bias-plus-pulse circuit is usually based on cold-cathode 
diodes and triodes, resistors, capacitors and rectifiers. 
The circuit cannot normally be operated without auxiliary 
devices such as pulse generators, especially if cold-cathode 
diodes are used as the circuit elements’. The final result 
of this technique is therefore a hybrid system employing 
cold-cathode tube circuits and special waveform generators 
based on hard valves and rectifiers. 

The voltage-transfer circuits” are based on what may be 
termed the bias-plus-bias technique. The control electrode 
is first biased to a suitable level which is insufficient to 
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effect its breakdown. A further voltage is then super- 
imposed on the bias by means of a system of rectifiers. 
The two voltages are sufficient to trigger the tube and the 
tube will remain conducting as long as both the voltages 
are present, The voltage-transfer technique was devised to 
overcome some of the difficulties experienced in the 
triggering of certain cold-cathode tubes. However, the final 
result of this approach is a fairly complex circuit employ- 
ing large quantities of metal rectifiers. 

The recently described ACCESS” (Austin Cold-Cathode 
Electronic Switching System) employs numerous metal 
rectifiers in its logic circuits and its applicability is some- 
what limited by the fact that, basically, it is a static switch- 
ing system. 

It appears therefore that in the field of cold-cathode 
tube circuits there is some scope for new developments and 
improvements. In particular, it should be worthwhile to 
simplify the circuits by eliminating the rectifiers and avoid- 
ing the auxiliary electronic equipment (e.g. pulse genera- 
tors). In this way it would be possible to design a consistent 
cold-cathode tube system based on resistors, capacitors and 
cold-cathode tubes. The only auxiliary equipment would 
be a stabilized power supply. 

In the following a set of cold-cathode tube circuit 
elements, which avoid rectifiers and auxiliary electronic 
equipment, is described. The simplified circuits have been 
made possible by employing several types of cold-cathode 
tubes in such a way that larger tubes are used to control 
smaller tubes. Some of the circuits are entirely novel, while 
others are basically modified versions of some known 
circuits. For the sake of completeness some well-known 
standard circuits are also included. Apart from meeting 
the requirements listed above, the circuits have a useful 
property of being self-starting. This means that upon 
switching on the supply voltage, a given circuit element 
will automatically assume its ‘zero’ or rest position. 

The circuit elements are based on the bias-plus-pulse 
technique, since only this type of circuit offers the pos- 
sibility of avoiding rectifiers. The circuits are also charac- 
terized by the fact that after completing their operating 
cycle they automatically return to their rest position. 


The Components Employed 

The following types of cold-cathode tube are used in the 
circuits: XC12T, XC18, XC23, and XC24, The principal 
characteristics of the first three tubes are indicated in 
Table 1. The diode, type XC12T, is a stabilizer tube and 
is used in the circuits as an auxiliary device. It is based 
on a pure-metal cathode and, since it is provided with a 
certain amount of tritium which produces the priming 
electrons, it can be operated in total darkness. The remain- 
ing tubes use a barium-oxide coated cathode and, in order 
to ensure reliable operation, they should be provided with 
adequate illumination (not less than 2 foot-candles). On 
the other hand these tubes should not be used in direct 
sunlight, since this may appreciably affect their transfer 
characteristics. 

The subminiature tube, type XC18, is a triode having a 
continuous operating current of ImA. The type XC23 is 
a miniature triode whose maximum continuous current 1s 
7-5mA. Both the tubes are furnished with flying leads and 
transparent envelopes. The glow in the tubes is clearly 
visible from the end opposite to the flying leads. Though 
the continuous current ratings of the tubes are ImA and 
7-SmA, respectively, these values can be exceeded two- or 
five-fold, provided the tubes are operated at a suitable 
mark-to-space ratio. The tube, type XC24, is a subminia- 
ture double-trigger triode. Its characteristics are basically 
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similar to those of an XC18, except that the tube can be 
ignited by either of the two triggers, the remaining trigger 
being earthed through a suitable resistance. 

The significance of the static parameters indicated in 
Table 1 is fairly clear. As regards the dynamic parameters 
V, and t, (which are of importance in switching applica- 
tions) and their measurement, the reader can find detailed 
information in some recently published articles*’*”™. 
Those interested in the physics of electrical discharge in 
gases may be referred to a number of textbooks and recent 
publications™.*.”".*.**, 

A further item may. be added to the above complement 
of cold-cathode tubes. This is a digital indicator tube, 
referred to as a ‘Numicator’, type XN1I. The device is 
not a switching tube and its sole function is to provide a 
clear digital read-out of the final result, Such tubes are 
today becoming increasingly popular and are very much 
appreciated by the unskilled operators who work with 
modern electronic equipment. The Numicator has the 
following characteristics: breakdown voltage (anode to any 
one cathode) 180V max., maximum mean anode current 
2-OmA, maintaining voltage (at 1-SmA) 130V (nominal), 
extinction voltage 125V and maximum anode current 
3-OmA. 

The resistors employed in the circuits usually have the 
power rating of 4W (or less), though some resistors with 
1:0W rating are required, especially with the miniature 
XC23, The resistor tolerances are normally +5 per cent, 
but the resistors which are used for bias transfer (e.g. 
between the cathode of a tube and the trigger of the next 
tube) or for limiting the trigger current can have +20 per 
cent tolerances. The circuits employ some high-value 
resistors (above 10M). Certain types of these resistors 
have a tendency to change their value, even if they are 
operated at very low currents. It is therefore necessary 
to ensure that only high-quality stable resistors are 


TABLE 1 
The principal characteristics of the Hivac XC18, XC23 and XC12 





XC23 XCi2 
or XC12r 
(suB- 


MEGATURE) | 


104v 
(nominal) 


TUBE 

TYPES 

\ | 
PARAMETER | 
Minimum main gap! 210V 
(anode-cathode), 
breakdown voltage, 
Vas(min) | 


XC18 j 


(suB- 
MINIATURE) 


| (MINIATURE) 


| 
SERGE 
| 


| 


ees 
(+5V | 
spread) 


70V 
(+6V 
spread) 


Nominal main gap | '73V at ImA 
maintaining voltage, | (+5V 
Vam | spread) 





68V 
(+6V 
spread) 


Nominal control gap | 
(trigger-cathode) 
breakdown voltage, 

Vis 


Nominal control gap | 
maintaining voltage, 

Vim } 

Maximum continuous ImA 
cathode current, 

Ik (max) 
Maximum transfer 
current (d.c.), 4 





Recovery time, fx Imsec max. | 


85V max. 





Dynamic transfer 
sensitivity, Vp | 


Dimensions 





| 34 10-Smm | | 45 x 19-Imm | 28 x 28 x 6-75mm 
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employed in the range above 10M. The capacitors are 
usually of the metallized-paper type and have tolerances of 
+20 per cent, However, the trigger pulsing capacitors can 
be ceramic and their tolerances can be slightly wider. It 
is advisable for the capacitors to have the normal voltage 
rating of 250V (or more), since otherwise their leakage 
may prove troublesome, particularly when they are used 
in combination with comparatively high resistances. 

The circuits require a stabilized +180V power supply. 
A stabilized power pack for +180V and 60mA can be 
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Bias voltage 
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Fig. 1. Relationship between bias voltage and pulse 
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designed comparatively easily and simply by employing a 
single series valve, a single amplifying valve.and a cold- 
cathode diode (type XCI12T) as the reference-voltage 
source. The power pack should not be connected directly 
to the circuits. It should first be switched on and warmed 
up; this normally takes only a few minutes. Next, the 
circuits are connected to the supply by. means of a separate 
switch, In this way it is possible to ensure that the circuits 
will be set at their ‘zero’ positions. The above does not 
apply to the digital indicator tube, type XN1, which 
requires a special supply. 


The Circuit Elements 
It has been mentioned that the bias-plus-pulse circuits 
are characterized by 


the fact that the bias Push-button 
100kQ 


driver 





to a particular trigger ; 
electrode has to be ap- ; 
plied before the pulse. ' 
The bias voltage usu- 
ally has a compara- 
tively slow rise-time (of ' 
the order of a few 
milliseconds). Conse- 
quently, the pulse i 
should be delayed un- 
til the bias ' 
‘ established ’. The 
situation is illustrated ' 
in Fig. 1. Even if the 
biasing source has a 
fast rise-time, the volt- 
age which appears at 
the trigger will be 
‘slowed down’ by the 
presence of a pulsing capacitor. The pulses applied to the 
triggers through a capacitor have a sharp leading edge 
(of the order of a few microseconds). The pulses may 
have an exponential tail (see Fig. 1) and are transmitted 
to the triggers with very little distortion. Alternatively, 
the exponential pulses at the triggers are obtained as a 
result of the differentiation of a fast voltage step. 

When the circuit elements are combined into a control 
or automation unit, it is necessary to provide such a 
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system with suitable input and output facilities. Such 
devices should be comparatively simple and be compatible 
with the circuits in that they should use the same power 
supply. The inputs to the cold-cathode tube circuits can 
easily be derived from mechanical contactors, micro- 
switches, limit or proximity switches, vacuum photocells 
or cadmium sulphide photo-resistors. These devices are 
required to deliver negligible power in order to actuate 
a circuit, but the voltage amplitudes should not be less 
than 50V. The method of connecting the input devices to 
the circuits is explained below. 

The cold-cathode tubes employed in the circuits are not 
powerful enough to drive directly any mechanical equip- 
ment, However, the larger tube, type XC23, has a sufficient 
current capacity to operate a heavy-duty relay which is 
capable of switching on or off suitable electrical equipment. 

The circuits described are divided into the following 
groups: pulse amplifiers, delay circuits or univibrators, 
counters, logic circuits, matrix or shift register elements, 
and oscillators and waveform generators. In general, the 
values of resistors and capacitors are indicated in the 
diagrams. These values are such as to ensure that a given 
circuit will operate satisfactorily. However, they are not 
necessarily the optimum values which would result in the 
best operating conditions and the longest possible life for 
the circuits. 

Only a general description of the functioning of the 
circuits is given and no attempt is made to describe their 
behaviour analytically. 


PULSE AMPLIFIERS 


These circuit elements are ‘amplifiers* in the sense that 
a comparatively weak input signal is transformed into a 
stronger signal which is suitable for driving a number of 
cold-cathode tubes. On the other hand, the shape of the 
output pulse bears no resemblance to that of the input 
signal. Further, no linear relationship exists between the 
amplitudes of the input and output signals. 








. (a) Pash-button-operated pulse amplifier (pulser) 


(>) Triggering of a 
photocell which is normally off 
(c) Triggering of a 
photocell which is normally on 


cold-cathode tube by means of a 


cold-cathode tube by means of a 


The simplest amplifier or pulser is shown in Fig. 2(a). 
The tube operates under the self-quenching conditions, 
i.e. after being triggered by an input signal it discharges 
the anode capacitance C and becomes extinguished. If the 
tube is an XC18, the minimum values of the circuit com- 
ponents are: Rmin = 3-3MQ and Cnin = 0-O0lpuF. This gives 
the cathode time-constant of 7x = 0:37msec. With the 
triode, type XC23, the anode resistance can be lowered to 
1-8MQ. For the same r;, it is therefore possible to increase 
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C and reduce the cathode resistance. This will result in a 
lower output resistance of the pulser. Under certain condi- 
tions it may be possible to make C as low as 0-005uF. Due 
to the comparatively large values of R and C, the operat- 
ing speed of the pulser is about 10 to 15c/s, the ampli- 
tude of the output pulse at the cathode being 100V. The 
circuit can easily be gated by an external bias source. For 
this purpose the 1M) is removed and the lower terminal 
of the 390k is returned to the biasing source. 





—°BOvV 
: imMQ 


2 
220kQ O-OlpF- 
s 











Fig. 3. Pulse amplifier based on a monostable bimary circuit 


Fig. 2(a) shows a push-button operated circuit for puls- 
ing the amplifier. It should be clear that the push-button 
can be replaced by a microswitch, a limit or proximity 
switch or by any mechanical contacts. With this type of 
drive the operating speeds may be lower than 10c/s. It is 
then advisable to increase C in order to ensure that the 
tube will not be spuriously fired by contact bounce. Figs. 
2(b) and 2(c) illustrate 
how the amplifier can be 


fraction of the pulse is used to trigger Vs. When V; 
becomes ignited, V2 becomes extinguished due to the 
presence of the coupling capacitor*. However, as soon as 
the anode potential of V. reaches a suitable value (lower 
than V» 180V), Vz becomes re-ignited and V; is extin- 
guished. The anode potential of Vs then rises to +180V 
and consequently the capacitor of the pulsing tube is re- 
charged. The circuit can operate at frequencies up to 
100c/s and it can easily be controlled by an external bias 
source. The biasing resistance Rr should be between 
1-0MQ and 2-2M©. If it is required to increase the output 
pulse power, V2 and V; can be replaced by a pair of 
XC23’s. The anode resistances should then be reduced 
(e.g. 22kQ instead of 100k) and the capacitances in- 
creased (0-05uF instead of 0-O0luF); similar modifications 
can be introduced into the anode circuit of Vs, while its 
cathode resistance can be reduced. 

Fig. 4 shows a rectangular-pulse generator which can be 
used as an amplifier. This is a modified version of the 
circuit described earlier”. The device consists of a mono- 
stable circuit (Vi, V2 and V3), a pulsing tube (V,) and a 
timing circuit (V; with RC). The triggers of Vy and V; 
are permanently biased, so that V: becomes ignited as 
soon as the supply voltage is switched on, while V; is ready 
to strike when its anode voltage rises to a suitable value 
(about 120V). When an external firing pulse is applied to 
the trigger of V., a fast voltage step is produced across its 
cathode resistance (47kQ). The duration of the pulse is 
controlled by the RC network of V; and the potential 
divider consisting of 390kQ and 330k. When its anode 
potential is raised sufficiently (from the cathode of V4), 
Vs fires and produces.a pulse across its cathode resistance. 
The pulse fires V; and this results in the extinction of V, 
and V,. The pulse at the cathode of V, is therefore 





operated by a vacuum 
photocell or a photo-re- 
sistor. The circuit of 





Fig. 2(b) triggers the tube 
when the photo-element 
becomes illuminated. In 
the circuit of Fig. 2(c), the 
photocell is normally 
illuminated and the volt- 
age drop across it is com- 
paratively low; when the 
light is removed, a pulse 
is produced and this fires 
the tube: In both cases it 


_— 









































= 


is required that the volt- 





age change be at least 
50V. The coupling capa- 
citor C; can be as low as 
0-002uF, but in the case of a cadmium-sulphide photo- 
resistor this will have to be increased, since its rise-time 
is comparatively long (of the order of 10msec or more). 

Another type of amplifier is shown in Fig. 3. The device 
consists of a monostable circuit (tubes V:, V2 and V3) and 
a pulsing tube V4, whose anode charging network (220k 
and 0-01 uF) is connected to the anode of Vs. The trigger of 
V; is permanently biased from V; through Rr, so that Vs; 
becomes ignited as soon as the circuit is switched on. 
V; is normally non-conducting, so that the anode capacitor 
of V, charges to the full supply voltage. When V, is 
triggered by an external signal, its anode capacitor is dis- 
charged (down to about 70V) and a fast-rise, exponen- 
tially decaying pulse is produced across the cathode 
resistance. The pulse has an amplitude of about 100V. A 
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Fig. 4. Rectangular-pulse generator (pulse amplifier) 


‘ terminated '. However, V; re-fires when its anode reaches 
a suitable potential and V; is extinguished thereby. The 
anode potential of V; then rises to +180V. With R = 
330k and C = 0-005uF (these are the minimum values), 
the duration of the output pulse is about 3msec and the 
generator can operate at frequencies up to S0c/s. The 
amplitude of the output pulse is about 70V. The mono- 
stable circuit of the generator can be based on the sub- 
miniatures, type XC18, but in this case it is necessary to 
reduce its capacitance and increase its resistances. The 
generator can easily be controlled by. an external bias 
which should be applied to the trigger of Vs. 

Another pulse amplifier is shown in Fig. 5. The circuit 
is an inverted resistance-coupled bistable pair. When the 
supply voltage is switched on, V: becomes conducting; 
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this is due to the fact that, because of the RC network 
(0-005pF and 470k) in the trigger circuit of Vi, the initial 
bias voltage of V: is higher than that of Vi. When V:; 
strikes the pulse developed across the cathode resistance 
may be as high as 100V. However, the final voltage at 
the cathode is about 40V. The trigger-cathode voltage 
of V; is therefore about 50V. When an external pulse is 
applied to the circuit, V,; becomes ignited. This results 
in a sudden rise of the common cathode potential which 
extinguishes V2. The next pulse will re-ignite V2 and 
extinguish V;. The pulses obtained across the common 
cathode resistance have an amplitude of about 65V. The 
circuit can be operated at frequencies up to 500c/s. Two 




















Fig. 5. Pulse amplifier based on a cathode-coupled binary circuit 








Fig. 6. Simple two-tube delay circuit (univibrator) 


miniature tubes, type XC23, can be used in the circuit 
in order to obtain higher pulse powers, provided the anode 
and cathode resistances are suitably reduced and the 
capacitors increased. 


DELAY CIRCUITS OR UNIVIBRATORS 


In the bias-plus-pulse technique it is necessary to pro- 
vide a delay between the application of a biasing voltage 
and the pulse voltage (see Fig. 1). Very often such delays 
can be provided by using suitable cold-cathode circuits. 
The shape of the pulses produced by these circuits is not 
particularly important, provided they generate a fast posi- 
tive-going edge. The input pulse should have a well 
defined sharp leading edge in order to avoid jutter between 
the input signal and the positive output edge. The cold- 
cathode tube delay elements indicated below are mono- 
stable circuits (univibrators) which are capable of pro- 
viding delays from about 3msec to several tens of 
seconds. They can cover the speed range up to about 
250c/s. 

Fig. 6 shows a simple univibrator consisting of two 
triodes and a cold-cathode diode. Normally, V: is con- 
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ducting since its trigger is permanently biased through 
Rr (Rr = 10 to 2-2MQ) from the anode of Vs. When 
an external pulse ignites Vi, V2 is temporarily extinguished. 
However, when the anode voltage of V2 rises sufficiently, 
V. re-strikes and produces a positive edge across its 
cathode resistance (15kQ). The magnitude of the delay 
between the front edge of the input pulse and the positive 
output edge is determined by Rr, the two anode resistances 
and the anode coupling capacitance (0-025uF). With the 
values of the components shown in the diagram, the delay 
is about Smsec and the univibrator can operate at fre- 
quencies up to 100c/s. The circuit is not very suitable 
for work with cold-cathode circuits, since its output pulse 











390kQ 3 33kQ 





e ¥ 


Fig. 7. Delay circuit (univibrator) based on an anode-coupled bimary circuit 








Fig. 8. Operation of a relay by means of a univibrator 


has the peak amplitude of 25V. This is generally insuffi- 
cient for triggering the cold-cathode tubes. 


A different univibrator is shown in Fig. 7. A detailed 
description and analysis of this circuit was given in an 
earlier article’. The circuit consists of a capacitance- 
anode-coupled binary (V; and V2) and a pulsing tube (Vs) 
whose trigger is permanently biased from the anode of 
V.. Normally Vz is conducting. When V; is fired by an 
external pulse V2 becomes extinguished and its anode 
voltage rises to V») = 180V. The capacitor C is therefore 
charged through R and, when its voltage reaches a suit- 
able value, V; strikes and discharges C to the voltage 
Vam = 70V. A delayed pulse having a fast rise and ex- 
ponential tail is therefore produced at the cathode of Vs. 
This results in the re-ignition of V2 and the extinction of 
Vi. The amplitude of the delayed pulse is 50 to 60V. 
With R = 220kQ and C = O0-OluF (these are the mini- 
mum values) the circuit can work at frequencies up to 
150c/s. 


The univibrator of the type shown in Fig. 7 can be 
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used to operate a relay. For this purpose V: and Vz are 
replaced by larger tubes (type XC23) and anode resist- 
ances and capacitance are suitably changed. The relay 
is connected in the anode circuit of V: and is by-passed 
by a capacitor in order to reduce the inductance surge 
when V; is extinguished. The modified circuit is shown 
in Fig. 8. The total resistance in the anode of V; should 
be above 15k{2 in order to limit the current to about 
7-SmA. However, if the relay is operated comparatively 
infrequently, it is possible to reduce the resistance. 
Another delay circuit is illustrated in Fig. 9. This 
consists of a resistance-cathode-coupled binary (Vi and 
V:) similar to the amplifier of Fig. 5, and a pulsing tube 
(V:) whose trigger is permanently kept aglow from the 
anode of Vs. Normally, V2 is conducting so that its 
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Fig. 9. Delay circuit based on a cathode-coupled binary circuit 
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Fig. 19. Negative rectangular-pulse generator (univibrator) 


cathode voltage is about 40V and the anode potential is 
about 110V. When a pulse is applied from an external 
source, V; is ignited and V:2 becomes extinguished. A 
fast-rising exponential pulse is therefore produced across 
the common cathode resistance (Rx = 39k{). The capa- 
citance C is charged through R from the anode voltage of 
V2, which rises to V» = 180V. When the voltage across 
C reaches a suitable value, V; strikes and produces a fast- 
rising exponential pulse across its cathode resistance 
(33kQ2). The pulse re-ignites V2 and results in the extinc- 
tion of V:. Another exponential pulse is therefore pro- 
duced across Ry. It is seen that for each input pulse, the 
univibrator produces a delayed pulse at the cathode of 
Vs; (amplitude of about SOV) and two pulses at the cath- 
odes of the binary (amplitudes of about 65V). The mini- 
mum values of components are: Rmm = 10MQ, 
Cmin = O0-OluF. With these values of R and C the circuit 
can operate at frequencies up to 20c/s. This low speed 
limit is due to the fact that at higher frequencies the 
delay is strongly dependent on mark-to-space ratio. 
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Fig. 10 shows a univibrator which operates as a nega- 
tive pulse generator. The circuit comprises a capacitance- 
anode coupled binary based on two XC23’s (Va and V3) 
and a pulsing tube (V,). The triggers of V2 and V, are 
permanently biased from Vi, so that both these tubes are 
normally conducting. The voltage developed across the 
cathode resistance of V, is about 70V. When Vs is ignited 
by an external pulse, V. and V4 become temporarily ex- 
tinguished. However, when the anode voltage of V: reaches 
the value V.. (anode strike voltage when the tube is 
primed), V: re-strikes. Consequently, Vs is extinguished 
and its anode potential begins to rise. When a suitable 
potential is reached, V, re-strikes and produces a fast- 
rising positive edge across its cathode resistance (68k{)). 
The positive edge can be used as a delayed pulse. With 
the values of the components shown in Fig. 10, the ampli- 
tude of the positive edge-is about 60V and the duration 
of the pulse is 2-Smsec. The circuit can work at fre- 
quencies up to 200c/s. The duration of the pulse can be 
controlled by varying the anode coupling capacitance. 
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A High Speed Analogue to Digital Convertor 


By N. Winterbottom*, B.Sc., and J. S. B. Walterst, B.Sc. 


In many situations where large amounts of information are processed by electronic equipment the 


information exists in both analogue and digital forms in different parts of the system. 


In such 


cases a need arises to convert information from analogue to digital form. 
An account is given of a high speed analogue to digital convertor capable of performing 55000 


conversions per second from an analogue voltage to an 8-bit binary code. The equipment uses tran- 
sistors as the active elements. 


(Voir page 197 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 204) 


fbn increasing use of digital techniques for informa- 
tion processing has brought with it a need for various 
types of analogue to digital conversion equipment. The 
availability of such equipment would eliminate present 
‘ bottlenecks where analogue information is manually con- 
verted into digital form for processing in digital equip- 
ment, A few examples will illustrate the problems and 
indicate some of the future possibilities. 

A single test flight of an aircraft or missile may pro- 
vide an amount of in- 
formation in analogue 


The block diagram is shown in Fig. 1. The sequence 
of operations during a conversion cycle is as follows. 
The control, using a ‘set 00° pulse, first sets up the 
number O1111111 (most significant digit first) on eight 
transistor bistable circuits which comprise the store. In 
decimal notation, this number is 127 which is approxi- 
mately the mid point of the full range from 0 to 255 
provided by eight binary digits. The store outputs are 
connected to eight electronic switches, S; to Ss, which 
provide accurately deter- 

mined outputs of zero or 





form equivalent to several 
million binary digits in 
order to describe the be- 
haviour of the machine. 
The inclusion of an ana- 
logue to digital convertor 
at some point in the re- 
cording and analysing 
chain makes this informa- 
tion available in a form 
suitable for analysis by 
digital computer. 

In schemes for the auto- 
matic control of industrial 
processes now being 
planned it will be neces- 
_Sary to transmit informa- 
tion over lines or radio 
links and process the 
information digitally. In 
this case conversion of 
the signals to digital form before transmission allows accu- 
racy to be maintained throughout a complex system. 

In the field of automatic computation the two major 
tools are the analogue computer and the digital com- 
putor. Some problems can be done more easily on one 
rather than the other. For example, the performance of 
a dynamic physical system which includes non-linear 
elements is usually determined by analogue simulation, 
whereas the digital computer is particularly suited to 
statistical analysis. Where an investigation involves both 
types of problem there is a requirement for the transfer 
of information between the two types of computer. High 
speed convertors are essential to handle the volume of 
information involved. 


General Description 

The convertor described in this article will carry out 
55000 conversions per second. The input signal is an 
analogue voltage lying between 0 and + 6V. The output 
is an 8-bit binary signal available in both serial and 
parallel forms. 





* Formerly Sir W. G. Armstrong Whitworth Aircraft Ltd 
+ Sir W. G. Abmstrong Whitworth Aircraft Lid 
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The complete instrument 
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—6V, depending on 
whether the correspond- 
ing digits in the store are 
zeros or ones. The —6V 
is derived from a stable 
reference voltage supply. 
The switch outputs feed 
a series of precision re- 
sistors in the analogue 
adder. Resistor values are 
chosen to give currents 
into the summing point 
proportional to the arith- 
metic weightings of the 
digits in the code. Thus, 
with the simple binary 
code used here, the resis- 
tor values increase by 
factors of two from the 
most significant to the 
least significant digit. The 
total current from the adder is compared with a 
current derived from the analogue input voltage, the 
output of the comparator indicating which of the two 
signals is the larger. A ‘set 1’ pulse generated by the 
control circuit using the comparator output sets the first 
store element to a ‘1’ if the current from the analogue 
input is greater than that from the adder. Otherwise the 
first digit is left as a ‘0’. At this stage in the cycle the 
control also sets the second store element to a ‘0’ ready 
for the mext comparison. The signal performing this 
function is designated ‘set 0’. 

In this way the eight digits are set up in a sequence. 
When the last digit has been set a transfer pulse is gener- 
ated to indicate to external equipment that the conver- 
sion cycle is complete and that a parallel output may be 
taken from the store. A serial output is available from 
the control circuit during the conversion process. 

With the convertor operating at its maximum speed a 
comparison for a digit takes 2usec. This fixes the digit 
period of the serial output at 2usec. One extra digit 
period occurs between conversions which allows a well 
defined time during which the parallel output can be 
used. The total conversion time is thus 9 x 2 = 18usec. 
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Control Circuits 
Locic Circurr ELEMENTS 

The circuit of the control loop is built up from a num- 
ber of basic elements designed around the surface bar- 
rier transistor type SB345, which allows the use of direct- 
coupled circuits. Detailed descriptions of the basic 
properties of these transistors can be found elsewhere’. 
The essential elements used in the present convertor are 
the invertor, the bistable circuit, parallel and series AND 
and or gates and the binary counter. Fig. 2 depicts their 
configurations and Fig. 3 the logic symbols used. The 
use of the binary circuit in Fig. 2(e) necessitates using 
more coupling components than the d.c. coupled binary, 
but is less expensive on transistors. 


Dicir DRIVE 
The digit drive or clock pulses may be derived either 


Analogue 
input voltage 























COMPAR- 
ATOR 

















REFERENCE 
VOLTAGE 









































CONTROL 


| 7 Serial output 


Digit Sample 
drive drive 


Fig. 1. The arrangement of the analogue-digital convertor 





from an internal crystal oscillator or from an external 
source. The pulses are shaped and fed to a series of 
four delay circuits in cascade. The outputs from the 
delay circuits consist of four pulse trains, which at the 
maximum digit repetition rate are O-Susec pulses every 
2usec. Fig. 4 shows the circuit and Fig. 5 the wave- 
forms produced. It will be realized that the pulse width 
from the delay circuit is a preset time of 0-Syusec irrespec- 
tive of the clock frequency. The pulse trains produced 
in this way are used for timing the gate operations during 
the conversion cycle. 


SAMPLING 

As with the digit drive, sample instructions can be fed 
from external sources or internally locked to the maxi- 
mum compatible with digit frequency, i.e. 1/9 of the digit 
frequency. Manual control is provided by a press- 
switch, which enables the use of the convertor as a single- 
shot device whose reading appears on signal lamps. 

Fig. 6 shows the essential elements of the logic feed- 
back loop which is driven from the ‘sample’ and which 
controls the setting operations of the store. The idealized 
waveforms are drawn in Fig. 7 using the convention that 
the positive level represents the left-hand state of a bistable 
and the negative level the right-hand state or NoT condi- 
tion. 

The 


‘sample’ drive input sets the bistable § to the 
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S condition, which in conjunction with timing pulse 4, R 
and D, sets the bistable P. The presence of R and D; 
indicates that all the controlling elements are in the cor- 
rect condition for a sample to be initiated. The gate 
which combines P and the timing pulse from the first 
delay produces the ‘set 00’ pulse, used for setting the 
mid-scale position (01111111) of the store. The third 
timing pulse of the same digit period and P sets R. 

The R bistable is the main controlling bistable circuit 
of the logic loop. It controls the gates which drive the 
8-way switch, the ‘set 0° pulses, the ‘set 1” pulses and 
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(e) Binary counter 
Fig. 2. Basic circuit elements used 


the resetting of the P and S bistables. The latter two 
operations ensure that only one ‘set 00’ pulse per sample 
is produced, and that further external ‘sample’ pulses 
are rejected until the end of the conversion cycle. 

As can be seen from Fig. 7, the R state is maintained 
for 8 digit periods before resetting occurs on timing pulse 
2 and D, (the last switch position). During this time the 
R anpD | are gated together to provide the 8 ‘ set 0’ pulses 
for the store, while R AND 4 are gated together with out- 
put pulses from the comparator to set the 7 bistable. 

This latter bistable (J in Fig. 8) acts as a temporary 
store for the comparator decisions, allowing the ‘set T’ 
(serial output) to be accurately timed by the first timing 
delay pulse of the next digit period. 

The R output is also combined in an AND gate with the 
third timing delay to drive the 8-way switch. The result- 
ing 8 pulses per sample drive three cascaded binary cir- 
cuits whose outputs are combined in 3-input AND gates 
to produce a set of 8 pulses (the D-waveforms) which 
are one digit period long, and succeed each other in time 
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as in Fig. 7. Fig. 9 shows the combination of the con- 
nexions which achieve the desired result. 

During the time that both the P and R bistables are 
in their Not conditions a gate produces a ‘transfer’ pulse 
as in Fig. 7. It thus occurs immediately after the last 
‘set 1” pulse and indicates that the store is ready for a 
parallel transfer of digits to ancillary equipment. 

The ‘set 00’, ‘set 0’, ‘set 1’, (serial output) and 
‘transfer’ pulses are coupled via d.c. buffer amplifiers to 
output sockets for use in external equipment. 

The foregoing description contains the theoretical 
gating arrangements and bistables required to operate the 
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Fig. 3. Logic symbols 
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Fig. 4. Delay circuits 


store during the conversion cycle. In practice, circuit 
delays necessitate using a slightly more complex arrange- 
ment. It is also essential to remove certain combina- 
tions of bistable conditions which may occur at switch- 
on. For instance P, R and D, is a condition which does 
not arise in normal sampling, and one which if it occurred 
at switch-on would remain even if ‘sample’ instructions 
were given. An invertor in the D; output and an addi- 
tional or gate for setting the R bistable removes this 
condition. 


Store and Drive Gates 
Locic ELEMENTS 


Fig. 10 shows the logic circuit of a store element, to- 
gether with the ‘set’ lines which drive it. The initial 
comparison condition (O1111111) is derived from the 
“set 00’ pulse through or gates. This sets ‘1’s’ on all 
stores with the exception of the first element where the 
gate drives to the ‘0’ side of the bistable. The Anp 
gates which permit access of ‘1's’ or ‘0's’ are timed by 
the D-waveforms derived from the 8-way switch. Thus 
a ‘set 1” pulse will set the n“” store only when D, is 
present. A ‘set 0’ pulse, which is coincident in time 
with the ‘set 1’ pulse, is routed by D, to the (n + 1) 
store. Since the comparator gives rise to one digit per 
digit period, and the D-waveforms succeed each other 
during the same interval, it can be seen that the sequence 
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of events which sets ‘1’s’ and ‘0's’ progresses along the 


store. 


PRACTICAL STORE CIRCUIT 


In practice the ‘set 00’ pulse is gated to the right-hand 
side of each store element (except the first which goes to 
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Fig. 5. idealized waveforms derived from circuit in Fig. 4 
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Fig. 6. Controlling logic 


the left-hand side) via the collector load. This removes 
the requirement for a set of gating transistors but necessi- 
tates using a specal amplifier capable of supplying collector 
current to all elements during the ‘ not set 00° time, This 
arrangement is shown in Fig. 11. The ‘set 0’ and ‘set 1’ 
pulse trains are gated to the store via the emitters of the 
driving transistors. In this way the bases of the same 
transistors can be used for gating the appropriate D- 
waveforms, making one transistor into a two-input AND 
gate. 
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Precision Switches and Analogue Adder 

Each switch connects a resistor chain of the analogue 
adder to the —6V reference supply when driven by a 
‘1’ from the store (Fig. 12). 

The first chain gives rise to the most significant digit 
current of 2mA across the 6V. The resistance of each 
chain increases by a factor of two for each succeeding 
resistor chain. 

The resistor chains are made up of metal film resistors, 
selected to give an accuracy to each chain of 0-01 per 
cent. 

The switches contain three surface barrier transistors as 
in Fig. 12. The emitter-follower (V7:) coupled with the 
action of C ensures that V7; is driven hard either way. 

The switching transistor V7; is used with its emitter 
and collector terminals reversed. Although the current 
gain is reduced, the rise and fall times between the two 
states are shorter. In this way the required accuracy 
of switching is obtained within the time available. 

The collector load of V7; and that of all equivalent 
transistors in the other seven switches is 1k, and these 
give rise to a typical Vce of 40mV in the saturated condi- 
tion. To maintain the required accuracy, this ‘error 
voltage’ is cancelled at the summing point which rests at 
~40m¥V. Transistors are selected to ensure that their Vee 
values lie within given limits. 


Reference Voltage Supply 


The reference voltage 
supply provides the stable 


. Cireuit of nt” 


The method of stabilization used is shown in Fig. 14. 

In the circuit of Fig. 15 the Zener diode MR; is the 
primary reference element (R). This provides a nominal 
voltage of 5-1V at an impedance of about 612 when pass- 
ing a current of 20mA. Although the temperature coeffi- 
cient of the diode is less than ImV/°C it is not stable 
enough for the present application without further pre- 
cautions. The local ambient temperature is therefore 
stabilized as described below. 


“4 Com 
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voltage to the eight elec- 
tronic switches. The maxi- 
mum current drain is 
48mA. Since the current 
waveform contains fre- 
quency components from 
d.c. up to several mega- 
cycles per second, the out- 
put impedance must be 
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The amplifier input stage consists of a long-tailed pair, 
VT; and V7;. This configuration was chosen to minimize 
the effects of changes in base to emitter voltage with tem- 
perature. The magnitude of this effect is about 2mV/°C. 
The drifts in V7; and V7: would ideally cancel out, but 
but variations from transistor to transistor may have an 
out of balance of as much as 0-4mV/°C. To reduce drift 
due to IJ... effects silicon transistors are used in the input 
stage. The current to the long-tailed pair is supplied 
from a separate stabilized line. It can be shown’ that 
connecting the Zener diode MR: to point A instead of 
point B results in a marked reduction of output impedance. 

The loop is completed by the compound emitter- 
follower consisting of V7;, V7, and VTs, the last one 
acting as the series element S. 


STORE OUTPUTS 
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Fig. 12. Precision switches and analogue adder 
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Fig. 13. Circuit of switch and driving amplifier 


Capacitors C, and C; improve the high frequency per- 
formance of the circuit. The output capacitor, Cs, 
reduces the output impedance at high frequencies where 
the loop gain of the stabilizer falls off. 

It is evident from the preceding paragraphs that thermo- 
static control of the ambient temperature is necessary to 
reduce the drift of critical circuit elements. The refer- 
ence diode, MR, and transistors V7:, V7T:, VT3, and VT, 
are therefore mounted in a copper block, the tempera- 
ture of which is stabilized by a transistor feedback loop. 
The design is based on an article by H. Kemhadijian®. 
The circuit configuration is shown in Fig. 16. V7. and 
VT; are mounted in the block. The variation of /.. in 
VT; provides a signal which senses changes in block tem- 
perature. The signal is amplified by V7; and VT; to 
drive a power output stage, V7», which feeds the heater 
coil wound round the block. By this means the variation 
of temperature around the components in the block is 
reduced by a factor of about 30 over a range of ambient 
temperature from 0°C to 40°C. 

The complete circuit provides a reference supply which 
is stable to better than 0-1 per cent when subjected to the 
maximum expected variations of load current, input volt- 
age and ambient temperature. 
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Comparator Amplifier 

The common summing point of the anologue adder 
resistors and the resistor in the external analogue voltage 
line are connected to the input base of the comparator 
amplifier and their currents summed algebraically. 

The amplifier, which changes its state according to the 
difference in current, is a differential amplifier feeding a 
single ended output stage. High frequency micro-alloy 
diffused transistors (2N501) are used (Fig. 17). 

Temperature stability is maintained by inserting the 
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Fig. 14. Reference voltage supply 
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Fig. 15. Reference voltage supply circuit 


transistors in a copper block oven whose temperature is 
controlled by the same sensing arrangement as that of 
the reference power supply oven. 

The working point of the input base is set to —40mV 
by means of the ‘set V.e’ potentiometer. The ‘set 
datum’ potentiometer allows a small d.c. offset current 
to be injected into the summing point to set the convertor 
output to zero with the analogue input earthed. 


Output Circuits 

In addition to the ‘set 1’ serial output, the store out- 
puts are fed through d.c. buffer amplifiers to provide a 
parallel output. These appear as either sets of negative 
or positive 3V pulses from 3k{2 impedances. For the 
purpose of checking the instrument or reading the result 
of a single conversion visually, lamp indicators are also 
included. 


Power Supplies 

The logic circuits, store, switch drive and output circuits 
are driven from + 3V transistor stabilized power supplies 
built into the unit and driven from a mains transformer. 
The switches and comparator derive their power from the 
reference power supply previously described. A low 
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current +6V reference line supplies the positive voltage 
to the long-tailed pair of the comparator. An unstabi- 
lized —6V line supplies power for the indicator lamps. 


Overall Specification 

Digit Rate:—Any frequency to max. 500kc/s (inc. press- 
button). 

Sample Rate:—Any frequency to max. of 1/9 digit rate 
(inc. press-button), i.e. 55000 samples/sec maximum. 

Analogue input:—Minimum full scale input 0 to 6V. 
Input impedance 1-5kQ) for 0 to 6V full scale input. 

Digit Outputs:—8-bit simple binary code. Serial or 
parallel (positive or negative) 3V pulses d.c. con- 
nected from 3k. 








Fig. 16. Temperature stabilizing circuit 
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Fig. 17. Comparator amplifier 


Synchronizing Outputs: set 00, set 0, transfer, 3V pulses, 
all d.c. connected from 3k. 

Temperature Range:—0°C to 40°C. 

Accuracy: —+i4 least significant digit +0-25 per cent. 

Power Supply :—200/250V, 50/60c/s, 11 W. 


Construction 

All units, including power supplies are constructed on 
plug in boards. The mating sockets are fixed to a chassis 
which is fixed to a standard 19in rack-mounting panel. 


Low Noise Electro-Mechanical Sampling Switch 

In most applications of digital data handling methods 
where a number of variables are to be recorded or other- 
wise processed, the analogue digital convertor is interposed 
as early as possible in the chain and shared between the 
various information channels on a time division basis. 

Consequently some form of channel selection device 
becomes an essential component of an analogue digital 
convertor when more than one source of information is to 
be handled. Such a device must introduce the minimum 
of inaccuracy, i.e. it must have the lowest possible inherent 
noise, while crosstalk should not be developed between the 
channel being sampled and the remainder. 
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The A.W.A. low noise sampling switch was developed 
to meet these requirements and is considered to have some- 
thing ‘in hand’ for most applications. In practice the 
noise level is found to be less than SuV peak-to-peak when 
running at 100rev/sec, while the contact resistance is less 
than 10m. 

The switch utilizes a motor driven cam which operates 
pairs of contacts sequentially to give the equivalent of a 
rotating selector arm running over a commutator-like set 
of channel segments. The diagram (Fig. 18) shows a 
typical single contact pair assembly with the associated 
operating cam. The cam lift is transmitted via push-rod 
(b) to the inner of the pair of beryllium copper contact 
springs, each of which carries a domed silver contact. The 
entire contact assembly can easily be adjusted in the plane 


Fig. 18. Cross-section of typical single contact pair assembly 


of the axis of the push-rod by two screws (c) to obtain 
varying amounts of return pressure on the push-rod from 
the element (d). The outer contact {e) can be adjusted 
to obtain the correct gap, and to compensate for movement 
of the inner contact resulting from adjustment of return 
pressure. 

Channel contact pairs are generally arranged in multi- 
ples of twelve; two groups of twelve being inter-digitated in 
a common block to give a basic twenty-four channel bank. 
It will be appreciated that many variants can be obtained 
by altering the number of banks of contacts and the profile 
of the cams. 
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A NOVEL DIGITAL CLOCK 


By A. Russell* 


The design and operation of a novel digital clock which registers the month, day, hour, minute, 

experiment number and test number on illuminated in-line indicators is described. All this informa- 

tion, plus the year, is available in serial read-out form and may be punched on paper tape and/or 

typed on a solenoid-operated electric typewriter. The resetting method used permits the rapid setting 

up of new configurations. The existing laboratory frequency standard supplies the accurately spaced 

pulses which drive the calendar section, this therefore serves as a monitor of the long term accuracy 
of this frequency standard. 


(Voir page 197 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 204) 


HE digital clock described has been designed and 

constructed at the National Engineering Laboratory, 
East Kilbride, It is installed as part of the instrumenta- 
tion of the test rig for hydraulic turbines in the hydraulic 
machinery laboratory and forms one information source 
of a digital data-logging system. 

Minutes, hours, month, experiment number and test 
number are registered on in-line edge-lit type indicators. The 
calendar section is driven by pulses from a frequency 
standard’ and the first two digits of the test number shown 
on the panel in Fig. 2 and above are preset and used for 
experiment number. The remaining two digits represent 
the test number which has unity added to it each time a 
read out is made. Either section can be set to any desired 
reading at any time. All the data exhibited, with the addi- 
tion of the year, is available as a consecutively scanned 
decimal output which may be used in conjunction with 
a solenoid operated electric typewriter, a paper-tape punch, 
or other recording device. The output may be programmed 
to permit the insertion, where desired, of such functions 
as ‘space’ or ‘TAB’, and the order and number of items 
recorded may be varied. The apparatus is operated from 
24V dc. 


Circuit Arrangement 


A block schematic of the several divider stages required 
is given in Fig. 1. The natural ‘count of twelve’ of the 
miniature uniselector used lends itself well to the +3, +4, 
+6 and +12 stages but the +10 stages necessitate a 
‘jump’ of two counts per cycle. 





* National Engineering Laboratory, East Kilbride, Glasgow 
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The ‘days’ and ‘hours’ stages operate as follows. The 
‘hours’ stages receive ‘hand on’ pulses from the minute 
stage. The ‘hours, units’ uniselector divides by 10 for 
two cycles and by 4 for the third cycle, passing a pulse 
to the ‘hours, tens’ stage on completion of each count. 
The ‘hours, tens’ uniselector, counting 0-1-2; 0-1-2; etc. 
divides by 3 and passes a pulse to the ‘days’ stage on 
completion of the count. A total of 24 input pulses will 
thus produce 1 output pulse, The ‘ days, units’ uniselector 
divides by 10 for 3 cycles and by 1 for the fourth cycle 
and passes a pulse to the ‘ days-tens’ stage on completion 
of each count. The ‘days-tens’ uniselector, counting 
0-1-2-3; 0-1-2-3; etc.; divides by 4 and passes a pulse to 
the ‘months’ stage on completion of its count. Months 
of less than 31 days are ‘made-up’ to 31 by use of the 
‘+17’ button at the end of the month. 

The ‘read-out’ control has an interlock from the first 
divider stage; this ensures that a ‘read-out’ will not be 
made while any of the uniselectors in the divider stages 
are in motion. 


Component Details 
UNISELECTORS 

The new telephone-type miniature uniselector* was 
chosen for the divider stages as it was felt that the much 
reduced size and the plug-in facility more than com- 
pensated for the reduced number of arcs. Several com- 
binations of ‘make-before-break’ and ‘break-before- 
make’ arcs are available and it was decided that a uni- 
selector with one m.b.b. arc and two b.b.m. arcs would 
be most useful. This was adopted as the standard and used 
throughout the digital equipment in the scheme. 
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Fig. 1. Block schematic of digital clock 


RELAYS 

Remanent relays* were found to be more convenient 
than the conventional relays when used as information 
stores in conjunction with the uniselectors. These allow 
the normal ‘latching’ circuits to be dispensed with. 


VISUAL INDICATORS 
It was decided that the visual indicators should be of 
the ‘ edge-lit’ type, since these would operate satisfactorily 


from the 24V supply serving the uniselectors. The projec- 
tion type of indicator has the advantage of a wider view- 
ing angle but occupies more space and is less brightly 
illuminated than the edge-lit type. 


CHASSIS 

In the prototype, the chassis (Fig. 2) was made of angle 
brass and served as a means of assembling the four stan- 
dard Post Office type relay mounts, each capable of hold- 
ing ten relays. The front panel is shown on page 150; the 
‘in-line’ indicators are mounted behind windows in this 
panel and have their escutcheon plates removed so that 
the necessary set of indicators could be accommodated in 
a standard 19in panel. 


Divider Operation (Hours Divider) 
COUNT AND RESET TO ZERO 

The actions of the various divider stages are very similar 
and vary only in the number of steps used to complete the 
operation. The hours divider stage is a typical example 
and is shown in Fig. 5(a). The hours-units divider uni- 
selector is designated USHU and the hours-tens divider 
uniselector is designated USHT. The associated hand-set 
switches are designated HSHU and HSHT. RHU and 
RHT are the respective resetting remanent relays while 
HRR is used to change the first stage from +10 action to 

4 action. 

The output pulses from the minutes-divider stage are 
applied to the coil of USH at terminal HDI (hours-divider 
input). At the end of each pulse the wiper arms of USHU 
will ‘step’ to the next position and cause the appropriate 
numeral to be illuminated in the visual indicator of tlie 
stage. Also the ‘ highway’ arc USHU; will cause the CHU 
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(call-hours units) line to be switched to the appropriate 
line of the highway. (The highway leads to the type- 
writer and punch and is common to all information 
sources.) Arc USHU:z will cause a pulse to be handed on 
to USHT at position 9 and, with HSHU in the normal 
position (position 0), relay RHU will be switched on at 
position 10 (via pin 17). RHU; will cause line z to be 
earthed and this in turn causes two relays (in the control 
stage) to generate a ‘buzz’ signal which will appear at 
terminal BR. RHU, will pass this signal to USHU and the 
uniselector will ‘step’ until RHU is switched off on 
reaching position 12. The BR circuit will then be broken 
by RHU, and RHU, will switch off the ‘buzz’ genera- 
tor if no other divider stage is calling for its operation. 
(The function of the ‘ buzz’ generator is described below.) 
Uniselector USHU will now have counted ten input pulses, 
reset to zero again and have handed on one pulse to the 
next divider stage. 


ALTERNATIVE HOMING METHOD 
At this point some mention of the method for ‘ buzzing 


Fig. 2. Completed clock 
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or ‘homing’ the uniselector at the end of a count, or 
during a manual reset, might be useful. The uniselector 
has its own ‘buzz’ contact and this causes it to step at 
some sixty. steps per second. This facility can be used by 





Reset signal 
from arc 2 























arc i 








é 


Reset 
line 





Input 
pulse 
(Grive) 


Fig. 3. Alternative method of “* homing "’ uniselector 
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INTERLOCK 


This relatively slow-stepping speed has proved useful 11 
practice as the changing numerals may be observed during 
a reset sequence and can be an aid in fault-finding. The 
circuit for generating the ‘buzz’ pulses can be seen in 
the control stage (Fig. 4(b)) and consists of two relays 
SR and CR wired to form a relay ‘flip-flop’. SR is a 
‘slugged ’ type. 


Hours, TENS, STAGE 


The ‘hand-on’ pulse at the end of each 10 hours will 
pass (via TRA;) to USHT which will move and switch 
the highway and indicator to the appropriate position. 
There is no need for a normal reset here as the +3 is a 
natural count for the uniselector, but provision is made 
for initial manual resets and the operation is the same as 
before except that RHT can only be switched ‘on’ via 
RL(HT) from the manual reset button. 


COUNT OF Four 


Though +4 is a natural count, in this case it is used in 
only every third cycle. To avoid interference with the 
+10 cycles the uniselector is homed at the end of +4 
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Fig. 4. (a) Hours divider stage 


incorporating a ‘short-all-but-one’ type of switch at 
HSHU, feeding the wiper of uniselector arc to the USHU 
buzz terminal and using RHU to make and break the 
supplies to HSHU with a latch from uniselector wiper 
(Fig. 3). In practice it was found that the ‘ homing’ run 
using this method was too rapid to ensure a positive 
*hand-on’ pulse for the next stage and the ‘ short-all-but- 
one’ type of switch was not readily obtainable. As there 
was ample time available for the ‘homing’ run, a 10 
pulses/sec buzz generator was included for this purpose. 
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It will be seen that a ‘hand-on’ pulse will be supplied 
by the hours-tens stage between indicator positions 2 and 
0 and also that relay HRR is put ‘on’ during this time. 
When ‘on’, a count of twenty has taken place so that 
only a further count of four is desired. HRR, will now be 
closed and, when position four is reached by USHU, arc 
2 will switch ‘on’ RHU and a reset to zero will take 
place. While ‘homing’ arc 2 will hand on a pulse from 
position 9 which will step USHT to position zero. This 
condition will register as zero hours (midnight) and the 
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stage is ready for a further count of 24. Contact TRA, 
prevents a ‘sneak’ circuit during manual reset. 


MANUAL RESET 

The extra wafer switch HSHU(b) is incorporated to 
ensure that the switch must be returned to zero after a 
manual reset for the interlock to be completed. The con- 
tact TRA; is one of the many ‘transfer’ contacts required 
in the apparatus. It will be seen that, under certain con- 
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observed at visual indicators. (This causes reset 
relay RES in the control stage to energize the reset 








| 
{ 
; 


* 1" 





0 o—e COT 
—+ = 070 —e COU 


Source 
ready 


ai 


Plug 6 code N 24Vdc 


code 3 


A 
° 


Source ready 
—__—_—— 


‘Cat’ sockets 8 


Socket C 
Frequency standord 





H 
z 
§ 
fl 


5 o Tabulate 


Car 
oO 


| | | | | | 
44646464464646486 2 
as ee. oC: 2 «vm 
a 




















eeeet 


i 


$+++4+4+44/ 
J 


| eeseees 


SSSSSEESS) 
hii iii 


+++ 


} 


++ ++++4+4 
o—_—— . 


CE ee 


oo 


2 oO 


| 
& 6% 


Po 


“ 


f 





é 
N 
— 
- 


HIGHWAY PLUG 


. 
HIGHWAY SOCKET 4 (CODE W) 


SCANNER AND CONTROL 


. 4 () The control stage 


ditions, if stages were permitted to ‘hand-on’ pulses 
during a manual reset operation, it would be impossible 
to reset the clock to a specific configuration. The ‘ transfer’ 
relays inhibit these ‘hand-on’ pulses during manual 
reset Operations. 

To reset the clock to appropriate date, time, and test 
number after a period of inactivity the following pro- 
cedure must be carried out. 

(1) Switch ‘ off’ switch labelled ‘clock on/off’. (This 

removes frequency standard pulses and energizes 
‘reset’ button.) 
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lines (RL) of all stages and thus initiate a reset run 
at each stage until the position decided by the hand- 
set switch is reached. The ‘transfer’ relay is also 
energized and TRA contacts open to inhibit * hand- 
on’ pulses.) 

Return all clock hand-set switches to their normal 
positions at ‘0’ or ‘1° as denoted by the small 
arrows on the front panel. (This is not necessary 
for the ‘tens’ or ‘months’ stages, but it is good 
practice to treat all clock switches in the same 
manner.) 
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(6) Return hand-set switches on test number stages to 
zero and switch ‘on’ T.N. switch. (Experiment 
number stages have no uniselectors and are ‘ static- 
ally’ connected to highway via hand-set switches.) 


(7) Switch ‘on’ clock switch at instant of synchronizm 
with time-check. (The seconds stage is reset to zero 
with the other stages and the clock can thus be set 
to within 10sec of accurate time.) 


The clock will now register and give a read-out, when 
desired, of time, etc., to an accuracy determined by the 
frequency standard used. If left in continuous Operation, 
the clock is an ideal long-term monitor of the frequency 
standard’s accuracy. 


Control Unit 

The circuit diagram is given in Fig. 4(b) and a brief 
description will be given of the operation of sections not 
previously mentioned. 


SCANNER 


The scanner consists of uniselectors US] and US2, 
relays B/2, C/1, D/2, and E/2 and “call” button PB/ 
(Fig. 4(b)). When PBC is depressed relay B/2 will be 
energized via contacts US;-. and US, Contact B; will 
close and US/ will be energized via US,-2. Contact US, 
will open and de-energize B/2 which, in turn, will cause 
contact B; to open and thus de-energize US/. When USI 
is de-energized, the wiper arms will be moved to position 
2 and the same action will be repeated, but this time US/ 
and B/2 will be energized direct from the contacts of 
US;.2 and not via PB] which can now be released. 

It will be seen that contact B, will cause the sequence 
lines to be energized in turn, the sequence lines being pro- 
grammed to call up the desired stages for the read-out. 

The uniselector US/ will continue stepping until the 
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blank position (1) is reached; when position (12) 1s 
reached E/2 becomes energized and contact E: starts off 
the stepping action for uniselectors US2 and in this way 
the number of “steps” is extended. Contact D., does the 
switching and, when position (12) is reached E/2 is 
switched “off” and a pulse is fed to the test number stage. 
The uniselector will come to rest at position 1. One com- 
plete scan will have been completed and all information 
recorded on typewriter and/or tape-punch. 

Contacts C; and D; serve to originate a ‘ source engaged’ 
signal for the duration of the complete scan. 

The ‘stepping’ of the uniselector at typewriter speeds 
is described more fully elsewhere’. . 


EXTERNAL *‘ CALL’ 

The clock is treated in the same way as the other 
sources in the data-logging scheme and functions on a 
3-wire ‘call’ system. Wire C is sensed by the master pro- 
grammer to determine whether all the swifches of the 
clock are in the normal position and also to ensure that 
the clock is not about to register a new position. This is 
sensed by an interlock in the “ seconds” stage. 

When these conditions are satisfied, the negative voltage 
appearing at C terminal permits the programmer to call 
the clock which it does by shorting A to B and initiating 
the scan as before. 

A table of the information ‘highway’ coding is given 
in Table 1. 


RESET STAGE 

The reset relay RES is energized when the reset button 
PBR is depressed with switch S; in the ‘reset’ position. 
This will cause the reset lines of all stages in the clock to 
be energized and al! stages will begin to reset as described 
previously until the numbers set by the hand-set switches 
are achieved. Contact RES will cause relay TRA to 
receive the negative supply which will be latched over 
TRAg; the positive supply will be supplied from Z when 
the first reset contact [e.g. RUH:, RHT;. .etc. (Fig. 4(a))] 
closes and remain until the last to open does so. This 
causes al] hand-on pulses to be inhibited. It will be noted 
that relay TRA is operative only when a manual reset is 
called. 

The manual reset of the test number stage is very 
similar but only two uniselectors are involved and these 
are operated from the two-pole switch PBT. The hand-on 
pulse between the unit and tens stages is inhibited by 
normally closed contact RTNUs. 

It will be noticed that both a ‘highway’ plug and 
‘highway’ socket is provided; this is to permit a ‘high- 
way ring’ between various sources of the data-logging 
scheme and removes the need of one ‘highway’ cable 
from each source to recorder. Copies of the complete 
circuit diagram may be obtained from the National Engi- 
neering Labaratory. 
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A Versatile Forcing 


Function Generator 


By J. Morrison*, B.Sc., A.Inst.P. 


This article describes a forcing function generator designed for analogue computer use, which 
will provide sine, square, triangular, ramp, step or impulse functions to an accuracy of 4 per 


cent full scale in frequency and amplitude. 


Frequency coverage is from 0-001\c/s to 100c/s, 


and the device can be centrally controlled from the computer, or independently. 


(Voir page 197 pour le résumé en frangais; Zusammenfassung in deutscher Sprache auf Seite 204) 


sapien ygetnven of a physical system represented by 
a set of differential equations, on an analogue com- 
puter, often requires that the system response be deter- 
mined when certain initial conditions are varied in a 
known manner. 

The system may be an aircraft, whose pitching response 
to wind gusts is needed, or a car whose suspension damp- 
ing requires optimizing to meet a variety of road condi- 
tions. Whatever the problem, some means of providing 
forcing functions or particular integrals (i.e. gust or road 
conditions) for a set of differential equations is essential. 


x2 
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Fig. 1. S.H.M. set-up (ic. = initial condition) 


Specification 

From the outset it was decided that the generator 
should be built into the existing LACE! installation at 
Warton, using d.c. computing techniques and that it 
should be controllable from the main computer or inde- 
pendently. 


It should provide sine, ramp, step or impulse functions 
to an accuracy of 4 per cent of full scale in amplitude 
(0-125V) and better than 1 per cent in frequency. The 
functions should have common amplitude, frequency and 
polarity controls and appear at a single output terminal 
on selection. In addition the unit should have stable 
characteristics, be easy to set up and to engineer, and 
should make use of existing LACE printed circuit ampli- 
fiers where possible. 

To meet this specification, various computer set-ups 
were examined theoretically and of these an arrangement 
simulating simple harmonic motion looked promising. 
The equation X” + w*? X = 0 and Fig. | are well known 
to analogue computer users as a means of generating sine 
and cosine functions, and with refinements the computer 
set-up can also be made to generate ramps and impulse 
functions. However, the scheme was rejected on the 
grounds of inflexibility and a more sophisticated scheme 
was devised, based on an accurate ramp or triangular 
function. 


Design Philosophy 
To achieve built-in flexibility for the range of functions 


* English Electric Aviation Lid 
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that could be generated, over and above those included 
in the specification, the design was centred around an 
accurate ramp or triangle generator. This could then 
provide the primary input to a biased diode module de- 
signed for the function required, namely sin X in the 
firsi instance. Thus, by changing diode circuit modules, 
a whole range of functions could be generated as and 
when required, 
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Fig. 2. Basic circuit and waveforms 


Basic Principles 
A block diagram showing the basic triangle circuit is 
shown in Fig. 2, and consists of two feedback loops. 


(1) A precision comparator®** whose output V, is fed 
back on itself via a phase-inverting d.c. amplifier. This 
produces a bistable device which operates between precise 
limits +V and has the transfer characteristics indicated 
in Fig. 3. 

(2) An integrator whose input is Vs and whose output 
Va feeds the comparator input. 


Addition of this integrator loop makes the bistable de- 
vice free-running, giving a triangular waveform at point 
A, a square wave at point C, and waveform C inverted 
at point B (see Fig. 2). By short-circuiting the integrating 
capacitor, the device reverts to its bistable mode and may 
be pre-set to either level of +V; to give a triangle of 
positive or negative polarity when the short-circuit is 
removed. 


To provide coarse frequency control the integrator 
time-constant may be switched to one of several values, 
fine control being achieved by varying the input to the 
integrator by means of a potentiometer. For single-shot 
work requiring a ramp function, a diode may be inter- 
posed between invertor output and integrator input, 
which will ensure a ‘hold’ condition on the integrator 
on comparator ‘ flip-over’, whose duration will depend 
only on capacitor leakage, diode reverse resistance and 
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grid current in the amplifier. Clearly, this arrangement 
will also provide impulse functions of opposite polarity at 
points B and C. 

Step functions can easily be achieved by suitable relay 
switching of d.c. reference voltages, and amplitude con- 
trol may be realized by using a potentiometer to vary 
the gain of an output d.c. amplifier in the usual manner. 


% 









































Fig. 3. (left) Tramsfer characteristic of bistable device 
Fig. 4. (right) Basic ramp circuit 
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Fig. 5. Comparator circuit and waveforms 


The output continues to rise until it reaches a level 
(V + &V) when the algebraic sum of the comparator 
input voltages changes sign, causing an abrupt change 
in comparator output from —V to +V volts, lasting only 
microseconds if the comparator forward gain is high. 
This requirement is essential for accurate definition of 
limits +V, since the error voltage dv is given by: — 
bv = V/A 

where A is the forward gain. 

On comparator ‘flip-over’ both its input B and the 
integrator input change sign together to +V volts. The 
integrator then produces a negative going ramp from 
+V to —V volts, when at this level the comparator 
‘flips over’ once more, giving finally a positive ramp 
running up to zero volts and beyond, thus completing 
the cycle. 

However, if a diode is connected as shown in Fig. 4, 
then during the first transition waveform B will cut off 
the diode and open-circuit the integrator input, holding 
its output at +V volts. This action produces a ramp 
function at point A. 


Comparator 

The most important part of the circuit is the compara- 
tor shown in Fig. 5. This is a precision device consist- 
ing of an output-limited high-gain d.c. amplifier, whose 
output voltage changes abruptly whenever the alegbraic 
sum of its input voltages changes sign. This drives a 
diode bridge limiter decisively into either limit to produce 
an accurately limited comparator characteristic. Diodes 
MR;, MR; and resistors Rs, Ry define drive voltages for 
the bridge and ensure that the amplifier does not become 
non-linear leading to undesirable ‘ hang-over’ effects. In 
general the load resistor Rx, will be the input resistor of 
a following amplifier terminated at its summing point. 
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Fig. 6. Sime circuit (diodes are type ZS20A) 


A useful feature of the device is the use of a frequency/ 
period control which is common to all functions. 


Basic Circuit Operation 

Referring to Fig. 2, consider the integrator output at 
zero voltage (capacitor short-circuited) and the compara- 
tor output at +V volts, giving —V volts at the invertor 
output. When the short-circuit is removed the steady 
voltage —V is integrated up, producing a positive ramp 
at the integrator output according to the equation: — 


Vis = — 1/pCR. Vs 
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Sine Circuit 

This circuit (see Fig. 6) was designed using conven- 
tional biased diode technique***, and consists of a high- 
gain fed-back d.c. amplifier with a resistor-diode matrix 
as input impedance, containing 14 diodes. 


This will generate : — 
y = 50 sin 7/100 . x 


in the first and third quadrants with a maximum absolute 
error of 0-125V over any one segment, and requires two 
inputs +x. The minimum input impedance on the posi- 
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tive and negative terminals being 64k(2 and 34k22 respec- 
tively. 


Practical Circuit 

This is shown in Fig. 7 and consists of the circuit 
previously described, with an additional amplifier to pro- 
vide fine frequency control, by means of a ten-turn 
helical potentiometer on its input. This varies the input 
to the following integrator over a 10 to 1 range. A 
second phase-inverting amplifier is also added to provide 


Sine ramp 
step or impulse 


Frequency $ 
amplifier oy 


sine circuit of the output amplifier, whose gain is con- 
trolled by RVs. Thus a sine function of maximum ampli- 
tude 100V peak-to-peak is produced at the output 
terminal. Frequency range selection is achieved by 
S:, which changes the integrator time-constant in five 
discrete steps. These are 25sec, 2-Ssec, 250msec, 25msec 
and 2-Smsec. 

To produce ramp functions, diode MR, is connected in 
circuit and the integrator output is fed directly to the 
output amplifier, the phase invertor and sine circuit being 
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Fig. 7. LACE forcing function generator (practical circuit) 


the negative input to the sine circuit and the impulse 
function to the output amplifier. The d.c. amplifiers are 
existing LACE printed circuit types and are not drift 
corrected. The zero potentiometers and outputs are 
brought out to the front panel, the latter on sockets, and 
the amplifiers are zero set in turn by plugging a volt- 
meter into the appropriate socket and operating S; This 
earths the comparator invertor and frequency amplifier 
inputs and connects a 1M) feedback resistor across the 
comparator. 

Three modes of function selection are available, namely 
sine, ramp and step or impulse. With 5S, in the sine 
position the circuit behaves as described previously, the 
triangular waveform from the integrator being fed to the 


disconnected. As discussed previously, the action of MR, 
is to open-circuit the integrator input, producing a ‘hold’ 
condition when the first comparator transition occurs. 
To generate a step plus impulse function, S; discon- 
nects the integrator output and sine circuit from the 
output amplifier and connects the comparator to the 
output amplifier via invertor 2. On pressing the start 
button, contact K; connects the LACE +50V reference 
to the output amplifier via potentiometer RV:, which 
forms an independent gain control on this input. This 
action produces a step output. Then at some pre-deter- 
mined time the operator presses the impulse button 
energizing relay F and activating the bistable device, 
which produces an impulse at the output of the com- 
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parator invertor. This signal is fed via diode MR: and 
gain control poteniometer RV, to the output amplifier. 
The diode ensures that the impulse is single sided with 
respect to the computing earth, by open-circuiting the 
line as the input waveform goes through zero volts. By 
operating only one of the control buttons, independent 
step and impulse functions can be obtained. 


Contrel System 

This circuit was designed to mate with the computer 
master control system, and is shown in Fig. 8. There 
are three control conditions available, namely, ‘ prime’, 
‘start’ and ‘reset’ corresponding to the computer con- 
ditions ‘initial set’, ‘compute’ and ‘zero set’. A toggle 
switch labelled ‘Lace/Local’ is also incorporated to 
select the control mode. In the ‘Lace’ position, the 
computer 24V line is available for relay switching on bus 
bars Z, 1/S and F, corresponding to LACE conditions 
‘zero set”, ‘initial set’ and ‘freeze’. These relays are 


»_24V 


operated manually by push-buttons on the generator front 
panel in the ‘local’ mode. 

As a starting point consider the situation when the 
manual ‘reset’ button has been pressed. This action 
energizes relay C, which latches on via contacts C; and 
D, lighting the ‘reset’ lamp. This opens C; preventing 
relay K from operating, opens C; de-energizing relay B, 
and closes C, short-circuiting RV: in the output amplifier. 
Contact B; in turn short-circuits the integrator and B; 
connects the impulse input to the computing earth. 

On pressing the ‘prime’ button, relay D is energized 
and latches through Ds, lighting the ‘prime’ lamp. This 
causes D, to drop out relay C, extinguishing the ‘ reset’ 
lamp and opens D,, keeping relay K de-energized. The 
closure of D, energizes relay H, which drops out after 
15msec when slugged relay J operates. This moment- 
ary closure of H; ensures that the bistable circuit is in 
the correct state by switching prime voltage (—64V) to 
the comparator, producing —50V at the invertor output 

and. +S50V at the im- 
pulse input terminal. 
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To generate the step 
function, the ‘start’ 
button is now pressed. 
This de-energizes relay 
D, extinguishing the 
‘prime’ lamp _ and 
dropping out relay J. 
The closure of D,; then 
lights the ‘compute’ 
lamp and energizes re- 
lay K, whose contact 
K, switches the LACE 
reference voltage 
(—SOV) to the- output 





Manual 
impulse 





3 +o é 
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Fig. 8. Forcing function generator control circuit 


TABLE 1 


> 


aoa amplifier. A positive 
step therefore appears 
at its output terminal 
of amplitude set by RV;3. To 


generate the impulse function, 





| OUTPUT | | FREQUENCY | 
FUNCTION | TERMINAL | POLARITY | 
Sine i Main + or 
| . 





0 to SOV 
| semi-peak 
continuously 
variable 


‘Ramp 


+ or 


0 to SOV 
| cont. variable | 


~ Main Si 


" Independent 
control 
on each. 
0 to SOV 
| cont. variable 





Fixed 
between 
| + 50V 


Auxiliary | 








AMPLITUDE | a 


~ 250->25sec 


025-—>-0025sec 


where this may be delayed by 
an infinitely variable amount 
from the step, a manually 
operated push-button is incor- 
porated for use in either con- 
trol mode. When this is 
pressed, relay F is energized, 
which operates in the same 
manner as H, dropping out 
after 1Smsec. This causes F; 
to close, energizing relay B 
which latches via B:. Contact 
B, then opens, removing the 

Semtaten short-circuit from the integra- 
As ramp tor, and B; changes over, 
Parag, Wc eas switching the impulse input 
from computing earth to sig- 
nal input. 

Simultaneously, F: closes 
momentarily, disconnecting 
the integrator and switching 
+64V to the comparator in- 
put. This produces a positive 
100V step at the invertor out- 
put, which is fed as a negative 
SOV step via MR: to the out- 
put amplifier, and appears as 
a positive step at the output 


IMPULSE 
WIDTH 


FREQUENCY 
OR PERIOD 





001: Olc/s s 
O1—-Ic/s 
-l+Ic/s 

1->10c/s 
10-+100c/s 


25—2-Ssec 
2:5-> 25sec 
-25-+ -02Ssec 


~_Inoperative 


As ramp 


As triangle 








* Polarity refers to that at the start of repetitive waveforms. 
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terminal, of amplitude deter- 
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mined by RV,. This level is maintained until the inte- 
grator which has been producing a negative ramp reaches 
—50V, when the comparator ‘flips over’ disconnecting 
the integrator input and producing a 100V negative-going 
step at the invertor output. This appears at MR:, which 
disconnects the signal as the waveform goes through zero 
volts and ensures that the output level falls to zero with 
negligible overshoot. 

This impulse function may be repeated by simply re- 
pressing the button, but the device must be reset for 
further step functions. In addition to a combined step 
plus impulse function, both types can be generated inde- 
pendently. A freeze facility is also incorporated and 
operates in either control mode as follows. 


If an overload occurs in the main computer then 24V 
appears on the F bus bar, which energizes relay E. Con- 
tact E, then changes over, extinguishing the ‘compute’ 
lamp and lighting the freeze lamp and E2 open-circuits 
the integrator input, freezing the generator output. 


A summary of the generator capability appears in 
Table 1. 


Conclusions 
A forcing function generator has been designed and 


The Measurement of Flow Velocities 


An electronic instrument known as a Constant Temperature 
Anemometer Flowmeter has been developed by Disa Electronik 
A/S of Denmark for the measurement of flow velocities. 

The transducer element consists of a Imm length of ‘005mm 
diameter plated tungsten wire of very small diameter mounted 
on two supports of a probe which is inserted into the air 
stream whose rate of flow is to be measured. The wire itself 
is maintained at a constant temperature by the passage of 
an electric current. 

When the prote is placed in the air stream there will be 
a heat loss in the wire due to convection and the principle 
of operation of the flowmeter consists of measuring the 
additional electrical power required to restore the temperature 
of the wire to its original value. The very small thermal 
capacity of the wire and the characteristics of the electronic 
system make it possible to measure instantaneous flow velocities 
up to frequencies in excess of 50kc/s. 

The transducer is connected to one arm of a Wheatstone 
bridge as shown in the simplified diagram. A three decade 
resistance is included in the variable arm for initial balancing 
purposes. 

The bridge is fed by a high gain d.c. amplifier whose output 
voltage is controlled by the amount of bridge untalance. When 
the bridge is unbalanced by a change in resistance of the 
transducer element due to a change in its temperature which 
is itself brought about by the flow of air past the element, 
an unbalance voltage appears across the points a and c of 
the bridge. 

This voltage serves as the input to the amplifier which is 
so connected that a decrease in resistance of the transducer 
element will increase the supply voltage to the bridge. This 
will increase the power dissipated in the element, raise its 
temperature and tend to restore its resistance to its original 
value. It is thus possible to relate the mean velocity of flow 
to the bridge supply voltage. 

Connected to the output of the d.c. amplifier is an a.c. 
amplifier and a thermocouple instrument, to enable r.m.s. 
values of turbulence to be obtained. 

A square wave generator is incorporated in the flowmeter 
and allows the overall performance to be checked and the 
equivalent time-constant to te obtained at the conditions of 
flow. 

With the wire type of transducer flow velocities ranging 
from a few centimetres per second up to a maximum of 
150m/sec can be obtained. 

For the measurement of air flow at supersonic speeds up 
to 500m/sec or for liquids up to speeds of 10m/sec the hot 
wire transducer is replaced by one in which the sensing 
element consists of a thin platinum foil fused on to a Pyrex 
glass support. 
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built for analogue computer use, which will produce a 
variety of functions to an accuracy of 4 per cent full 
scale in frequency and amplitude. Frequency coverage 
is from 0-00lc/s to 100c/s in five decade steps, with a 
10 to 1 continuously variable fine control within each 
range. Flexibility has been achieved by basing the design 
on a triangular waveform generator feeding a biased 
diode sine circuit, and building this in modular form as a 
sub-unit, so that it can be replaced by another unit if and 
when the occasion demands. 


The device may be controlled from the master com- 
puter or independently and has a built-in freeze facility 
which holds its output at a constant value whenever the 
main computer overloads. 
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A Satellite Tracking Station in 
Britain 


poset equipment of a highly specialized nature has 
recently been installed at Winkfield in Berkshire as 
part of a world wide system for tracking satellites and 
for recording measurements of data telemetered from 
them. 

The equipment, almost entirely of American origin, has 
been supplied on loan by the National Aeronautics and 
Space Administration (N.A.S.A.) and will be operated by 
staff from the Radio Research Station of the Department 
of Scientific and Industrial Research. 

Until recently there were ten similar installations known 
as Minitrack stations, set up in North and South America 
at San Diego, Fort Myers, Blossom Point, Antigua, 
Quito, Lima, Antifagasta, Santiago; and at Johannesburg 
in South Africa and Woomera in Australia. 

These stations were set up originally in positions of 
low latitudes to track satellites having orbits at compara- 
tively small inclinations to the Equator. 

The Winkfield installation together with similar instal- 
lations at Minnesota, Alaska and Newfoundland will form 
four additional Minitrack stations for satellites having 
orbits with higher inclination angles. 

Information derived from the equipment—tracking and 
telemetered data from the satellites—is available for use 
by the Radio Research Station and in the general British 
space research effort. 

A teleprinter circuit to the Goddard Space Flight Centre 
of N.A.S.A. is used to convey summarized results from 
each satellite transit observed at Winkfield. In the re- 
verse direction up-to-date orbital information on all rele- 
vant satellites will be provided, and the Winkfield station 
alerted for new launches. Data is provided enabling the 
directional aerials used in receiving telemetry signals from 
the satellites to be correctly orientated. The teleprinter 
system also provides a link with other research centres 
in the United States, including the Smithsonian Astro- 
physical Observatory which analyses the optical observa- 
tions on satellites obtained from precision cameras set up 
in various parts of the world. This facility will prove a 
valuable aid to the Slough headquarters of the Radio 
Research Station, which is also connected to the tele- 
printer circuit. 

The Winkfield installation and its communication net- 
work will be of considerable value to the research effort 
in the two countries, particularly when British experi- 
ments are flown in satellites launched from Scout vehicles. 
Another example of the use of the Minitrack station will 
be the reception of the telemetered data from apparatus 
flown in satellites to investigate the upper portion of the 
ionosphere The Radio Research Station is to collabor- 
ate with American and Canadian scientists in two ‘topside 
sounder’ experiments of this kind by receiving the data 
at Winkfield and at its outstations at Singapore and in the 
Falkland Islands. 

The installation at Winkfield has two separate functions 
—the determination of the direction of satellites as a 
function of time and the recording of telemetry data from 
satellites. It is designed to operate in the frequency band 
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The steerable telemetry aerial 


136 to 137Mc/s although additional facilities are pro- 
vided for telemetry at frequencies around 108Mc/s. 


MINITRACK INTERFEROMETER SYSTEM 

There are two separate interferometers. One (called the 
equatorial system) responds to signals arriving from a few 
degrees on either side of a vertical plane lying in the 
north-south direction and the other (the polar system) to 
signals arriving from a corresponding zone on either side 
of an east-west vertical plane. .Switching arrangements 
are incorporated so that either aerial system can be 
selected for connexion to the receiver. For each inter- 
ferometer the component aerials are accurately placed at 
the corners of a square whose diagonals are some 50 
wavelengths long and are directed along the N.S. and 
E.W. directions. These aerials are called the ‘fine’ 
aerials since the phase difference between them varies 
rapidly with satellite direction and provides a correspond- 
ingly high acuity in directional observations. They are 
identical in construction, each comprising eight horizontal 
co-linear elements connected in phase with a tapered 
amplitude distribution. The arrays are mounted above 
horizontal ground screens each S5Oft x 25ft in size and 
all arrays are in the same horizontal plane. The aerial 
arrays constituting the fine aerials of the equatorial system 
are arranged with the line of the component elements in 
the E.W. direction and those for the polar system lie in 
the N.S. direction. Thus each array has a_ vertically 
directed fan beam with a width between 3dB points 
of 11° in the H plane and 76° in the E plane. 
The pick-up polar diagram of each _interfero- 
meter as a whole also has these characteristics since 
the fine aerials are all identical. It is necessary to 
have auxiliary aerials called ‘ambiguity aerials’, for 
measuring the integral number of 360° involved in the 
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phase difference between the fine aerials since the phase 
measuring equipment connected to these provides only the 
accurate value of the fractional part of 360°. The 
ambiguity aerials each consist of a single horizontal 
element mounted above an 18ft square ground screen and 
have a vertically directed pick-up polar diagram about 
95° wide in both E and H planes. 


All aerials are connected to the receivers by buried low- 
loss aluminium sheathed coaxial cables which are pressur- 
ized with dry nitrogen. The cables terminate in a console 
where remotely operated coaxial switches are located and 
serve to select either the polar or equatorial system for 
connexion to the receiver. For example, assume that the 
polar system has been selected. Then the cables from 
the following aerials are connected through to the re- 
ceiver, North polar fine, South polar fine, East polar fine, 
West polar fine, and all five ambiguity aerials. To enable 
the direction of the satellite to be determinted the follow- 
ing six phase differences have to be measured: N.S. fine, 
E.W. fine, N.S. medium, N.S. coarse, E.W. medium and 
E.W. Coarse. The receiver has thus to be provided with 
six channels. These are identical in characteristics so 
only the process involved in the N.S. fine determination 
need be outlined by way of example. The signals from 
the N and S fine serials pass through separate pre-ampli- 
fiers and are then converted by frequency changers to 
intermediate frequencies differing from each other by 
precisely 100c/s. The beat oscillators are crystal-con- 
trolled and the 100c/s frequency difference required for 
the frequency conversion is phase-locked to a standard 
100c/s voltage obtained from a precision 1Mc/s oscilla- 
tor. Thus the original phase-difference between the N 


and §S fine signal-frequency input voltages is represented 
by the phase of the 100c/s beat note at the output of the 
receiver channel relative to that of the 100c/s reference 
frequency. This phase difference is presented in two ways, 


as a d.c. analogue voltage and in digital form. In the 
latter case the two 100c/s voltages operate a gate system 
which counts the number of cycles of 100kc/s which fit 
in the time interval between corresponding points in the 
two 100c/s waveforms. Thus each 360° of 100c/s phase 
difference (and therefore of the signal frequency phase 
difference) is split into 1000 parts and the digital display 
therefore has a phase discrimination of 0-36°. 

The analogue and digital voltages (the latter in the 
form of a decimal code, read out five times a second) are 
applied to separate pen-type recorders, a separate stylus 
being used for each of the six receiver channels (that is, 
aerial combinations). Additional channels on the record- 
ers are used for indicating time and to record the signal 
strength. 

Facilities are provided to reference the phase-measuring 
system by injecting locally generated co-phasal voltages 
into the signal frequency pre-amplifierx The receiver is 
crystal controlled and the operating frequency is selected 
remotely at the control console, 1 000 steps at 1kc/s inter- 
vals being provided in the frequency band 136 to 137Mc/s. 
The predetection bandwidth of each of the six main 
channels of the receiver is 10kc/s. An input of about 
—120dBm is required to give a reliable read-out on the 
digital phase meter, corresponding to an overhead range 
of about 1 500 miles on a 10mW transmitter. 


PHOTOGRAPHIC CHECK 


To check on the overall behaviour of the polar and 
equatorial interferometers as direction finders it is neces- 
sary to calibrate them from time to time. This is done 
by means of a high flying aircraft carrying a lamp which 
is switched on at known times, and photographing the 
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track of the light against the star background which is 
used as a reference. At the instant the lamp is flashed 
on, the digital phase meter channels are recorded for the 
signal arriving from an extremely low power c.w. trans- 
mitter carried in the aircraft. Considerable directional 
acuity is provided by the interferometers; a change of 
360° in phase difference between the fine aerials is pro- 
duced by an angular movement from the zenith of about 
1-2° and angular changes of one thousandth of this are 
potentially detectable on the digital phase meter. Thus 
high precision photography and timing accuracy are re- 
quired. The camera used is permanently mounted on a 
polar axis at the centre of the system and driven so that 
star images remain stationary on the plate. The lamp 
on the aircraft is mounted at the centre of a downward 
pointing circularly polarized aerial which is fed by the 
transmitter operating on a frequency in the band 136 to 
137Mc/s. The aircraft also carries a receiver which picks 
up coded timing signals from a ground transmitter for 
flashing on the aircraft lamp. 


TELEMETRY RECEIVING SYSTEM 

The final 136 to 137Mc/s receiving system for tele- 
metry has not yet been installed but experience has been 
gained, using signals on 108Mc/s from Explorer 8 
launched last year. 

The aerial consists of an arrangement of nine Yagi 
aerials in a 3 x 3 array; eight are used for reception, and 
the centre one is connected to a transmitter which is 
available when required for altering the operation of the 
satellite (for example, to cause it to transmit any recorded 
experimental data). Each Yagi is an assembly of crossed 
dipoles; thus from the receiving array two voltages are 
available, one corresponding to vertically polarized re- 
ception and the other to horizontal polarization. These 
two voltages are applied to low-noise pre-amplifiers at the 
base of the aerial system and the outputs are connected 
to the main building. Here arrangements are provided 
which permit the use of either of the two linear polariza- 
tions or the combination of the two voltages in phase 
quadrature so as to provide the equivalent of a circularly 
polarized receiving array. The single output from the 
combining unit is connected to the receiver input termin- 
als. The whole aerial array can be orientated in any 
desired direction by remote control from the main 
building. 


A general view of the Minitrack equipment showing (left to 

right) the phase recorder, phase measuring gear and standard 

frequency|timing rack. The telemetry receiving rack is on the 
extreme right 
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A Design Chart for Aerials with Parabolic Reflectors 


By C. O. Titley*, A.M.LE.E. 


A parabolic reflector is one of which the inner reflecting surface has the form of the surface of 

revolution generated by rotation of a parabola about its axis of symmetry. Such a reflector has the 

unique property of producing radiation everywhere in phase over its aperture, when evenly illumi- 

nated by a point source at the focus. For this reason, parabolic mirrors find considerable application 

in radio and optics. The chart presented here was produced as an aid to design work on reflectors 
for radio aerials. 


(Voir page 197 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 204) 


Let A = aperture area of reflector (m*) 

d = diameter (ft) 

A = wavelength of radiation (m) 
= frequency (Mc/s) 
= numerical gain of reflector 
= ideal numerical gain 
= gain (dB) 
= beamwidth at half power points (deg) 


than 0-75 and that a value representative of the majority 
of aerials is 0-6. This value has been used in construction 
of the chart. The error resulting from a factor of 0-5 or 
0:75 instead of 0-6 is less than 1dB. 


Thus: 
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. Parabolic reflector design chart 


In the ideal case of an aerial of large aperture compared 
with wavelength, and even illumination, it can be shown 
that, without approximation: 

Bo = 

The actual gain achieved in practice is related to the 

ideal gain by a dimensionless factor K, i.e.: 


It is found that K is seldom less than 0-5 or greater 


* Sir W. G. Armstrong Whitworth Aircraft Ltd 
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giving: 

g = 612 x 10°*fd 

G = 10 logg 
i.e. : 

G = 20 log fd 

It can also be shown that a very good approximation of 
the beam width is given by: 
= 


The Chart 


The equation (5), for a specified value of G, may be 
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plotted as a straight line using logarithmic axes for the 
parameters f and d. A series of values for G in 10dB steps 
gives the family of curves shown. Interpolation to 1dB is 
provided by. the calibrated GaIN scale. 

As shown by equation (6), beam width 6 is a function 
of gain. A scale of logarithmic form giving beam width 
has been added below the Gain scale, permitting direct 
conversion from GAIN to BEAM WIDTH and vice versa. 


Use 
A single line on the chart parallel to the family of lines 
through the 10dB points will give the relationship between 


dish DIAMETER and FREQUENCY for the value of gain at 
which it crosses the GAIN scale, At that point the BEAM 
WIDTH is given on the lower scale. 

The frequency scale has not been extended beyond 
10 000Mc/s. It will be clear that extrapolation for higher 
frequencies is readily possible by adding 20dB if the fre- 
quency is multiplied by 10. 

Finally, if it is known that the ‘ efficiency.’ factor K is 
other than 0-6 a correction to the value of gain given by 
the chart may be made by adding: 


10 log (K /0-6) dB 





The Commonwealth Trans-Pacific Telephone 
Cable 


Orders have now teen placed for the 8 700 nautical miles of 
newly developed submarine telephone cable and 335 submerged 
amplifiers required for the largest telephone cable project yet 
undertaken—the Commonwealth submarine telephone cable, 
which will span the Pacific linking Australia, New Zealand 
and Canada. 

The Pacific telephone cable is being undertaken jointly by 
the United Kingdom, Canada, New Zealand and Australia. 
Control of the project has been vested in a Management Com- 
mittee comprising one senior representative each from the 
Overseas Telecommunications Commission (Australia), Cable 
and Wireless Limited, the United Kingdom Post Office, the 
Canadian Overseas Telecommunication Corporation and the 
New Zealand Post Office. 

The orders for the cable and submerged repeaters (ampli- 
fiers) have been placed by the Management Committee with 
Standard Telephones and Cables Ltd, and Sutmarine Cables 
Ltd, toth of the United Kingdom. The total value of the orders 
is approximately £18m. Under the conditions of contract, as 
much as possible of the raw material required for the cable 
is to te supplied from Australia and Canada. 

The programme for the Pacific cable project provides for 
the Sydney-Auckland section teing laid first and made ready 
for service by July 1962. Work has commenced on the terminal 
installations in Sydney and Auckland. Completion of the trans- 
Pacific cable as a whole is scheduled for mid-1964. The cable 
will haye a capacity of 80 high grade telephone channels. In 
addition to public telephone service it will provide public 
telegraph, phototelegraph, and telex circuits together with 
facilities for leased private circuits for all types of telecom- 
munications services and broadcast programme channels. It 
will connect, via Canada, with a similar cable to be laid this 
year between Canada and the United Kingdom, and will thus 
open up greatly expanded capacity and improved services 
between Europe and New Zealand and Australia. 

The Atlantic and Pacific telephone cables represent the first 
two major links in the round-the-world Commonwealth Tele- 
phone cable scheme which was recommended by the Common- 
wealth Telecommunications Conference in 1958, and has been 
approved in principle by the Commonwealth Governments. 
Individual links are being built as and when it is possible to 
finance and engineer them on a partnership tasis between 
Commonwealth countries. 

Standard Telephones & Cables Ltd will supply 2 800 nautical 
miles of submarine catle, 242 sutmerged repeaters and 38 sub- 
merged repeaters while Submarine Cables Ltd will supply 5 875 
miles of cable, 93 repeaters and the deep sea housings for 
335 repeaters. 

As most am cable will be laid in deep water (2 000 to 
3 500 fatho the United Kingdom Post Office type of 
‘ lightweight’ cable will be used for all but 270 nautical miles 
of the route. This cable.is not armoured and its design departs 
from previous practice in that it has a non-twisting steel core 
as the main tensile component. This core is surrounded by a 
copper tube to form the centre conductor which is then insu- 
lated with polythene to a diameter of 0-99in. 

The outer conductor is formed from aluminium tapes which 
are then wrapped with polythene and further tapes added for 
screening. Finally an anti-corrosion tape and an outer poly- 
thene sheath are added: this brings the overall diameter to 
1-30in, 
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The conventional type of cable has a tendency to transmit 
torsion to the repeaters during laying, with consequent hazards 
to the repeaters, whereas the torsion-free lightweight cable does 
not have this disadvantage. It thus enables repeaters to be laid 
at greater depths. 

The submerged repeaters will be inserted in the cable at 
intervals of about 26 miles. Each repeater consists of an ampli- 
fier, which amplifies all the conversations simultaneously in 
both directions, together with other electrical units pow | as 
filters, equalizer and supervisory apparatus. Over 300 electrical 
components are assembled in brass or copper containers to 
form in all about eight units which are mounted in a frame- 
work of Perspex bars and enclosed in a thick steel-tube housing 
capable of withstanding sea-bottom pressures up to 5 to 6 tons 
per square inch. 

The two ends of lightweight cable which have to enter a 
repeater are armoured for a few fathoms each side of the 
repeater so that the tension in the central strand may be trans- 
ferred through the various layers of tapes and polythene to the 
armour wires. These armour wires (or the armour wires of the 
conventional armoured cable used in shallow water) are 
anchored in special clamps attached to each end of the housing. 
Carefully machined bulkheads are brazed into each end 
of the housing proper; thus the brass inner tube does not have 
to withstand sea pressure. The outer-conductor tapes are termi- 
nated on the bulkheads while the inner conductors pass through 
a special gland which forms an integral part of each bulkhead. 
These glands are also, of course, capable of withstanding the 
full sea pressure. The completed repeater is about 10 feet long, 
104 inches in diameter and weighs half a ton. Extreme care 
is taken throughout all stages of production of a repeater with 
the expectation that it will continue to give service, undisturbed 
on the ocean bed, for at least 20 years. 


A 500ft Aerial Tower for London 


For some time now the Post Office has been faced with the 
risk of obstruction to television links and public telephone 
services from the high buildings already built and planned in 
London. 

These services are going to depend more and more on micro- 
wave radio links, which require a clear line of sight from point 
to point, and high buildings on this line can break the link. 
Therefore, a high tower is essential. 

To overcome the problem and keep abreast of the current 
trend for increasing building heights, the Post Office plans 
to build a SOOft tower at the Museum Exchange in Howland 
Street, London, W.1, to replace the radio mast on the exist- 
ing building which gives an effective height of only 180ft. 
At Museum Exchange is located the switching centre for the 
interconnexion of outlets from London to the existing national 
radio and television network in the London area and the BBC 
and ITA transmitters and from numerous television studios 
in the London area. It is also the London focal point for micro- 
wave radio links over which more and more trunk telephone 
traffic is being carried instead of by underground cables. 

Believing that the new tower, which will be of modern 
design, will be an addition to the amenities of London, the 
Post Office is providing a public observation platform at a 
height of about 460ft. This will be reached by high speed lifts, 
which, travelling at about eight miles an hour, will take some 
40 seconds on the journey. 
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ELECTROLU MINESCENCE 
Its Characteristics and Applications 


By D. H. Smith*, M.Sc., Ph.D., A.M.LE.E. 
(Part 2) 


(Voir page 128 pour le résumé en frangais: Zusammenfassung in deutscher Sprache auf Seite 135) 


The Cell as a Source of Mumination 


LECTROLUMINESCENT lamps, first produced in 

1950, are very similar to the experimental cells des- 
cribed in Part 1, and shown in Fig. 2. They are more 
rugged in construction and may have an extra layer of 
a material which has a high dielectric strength and high 
dielectric constant. This is usually a dense suspension of 
powdered barium titanate in a plastic binder, and has the 
additional advantage of reflecting almost all the light 
which is emitted ‘backwards’ from the phosphor. The 
thickness must be very uniform in order to obtain uniform 
brightness over the whole area of the lamp. Also, because 
the electric field-strength in the regions of the individual 
crystals in which emission is occurring is close to the 
breakdown value, only small variations in the average 
field-strength (and hence in the thickness of the cell) can 
be tolerated. Because of this limitation, electroluminescent 
panel lamps are restricted in size to about 12 to 15 inches 
square. However experimental panels as large as 24in x 
30in have been made successfully. Finally the panels must 
be made moisture-proof by some form of encapsulation 
or sealing. A panel which is left open to the atmosphere 
deteriorates rapidly and the brightness may fall by 50 per 
cent after less than 100 hours of operation. 


With all panel lamps, however well they are sealed 
there is a gradual variation of brightness throughout their 
lifetime. As Fig. 17 shows the brightness increases for 
the first few hundred hours and then decreases for the 
rest of its useful life. It is a feature of these lamps that 
they do not fail suddenly through breakdown, but they 
have to be replaced when the light output has fallen to 
some arbitrary value. The rate of decrease depends on 
the voltage and frequency of operation. For a lamp opera- 
ted at 50c/s it may take over 20000 hours for the bright- 
ness to drop to 75 per cent of its initial value. This figure 
compares very well with the 8000 hours sometimes 
quoted for modern fluorescent tubes. 


An improved construction has been developed recently, 
in which the phosphor-dielectric layer is applied to a flat 
ceramic-covered metal base. A very thin sheet of glass is 
fused to the surface to seal and protect the phosphor. The 
total thickness is less than one fiftieth of an inch. 


The brightness and efficiency of electroluminescent 
lamps do not yet compare very favourably with those of 
other sources of illumination. The brightness is about 
10ft-lamberts when operated directly from the 50c/s mains, 
and if a special 4kc/s supply is used a brightness of 180ft- 
lamberts can be obtained. The significance of these figures 
can be appreciated from the estimated requirement of a 
brightness of 50 to 100ft-lamberts if a living room is to 
be illuminated by means of a ceiling consisting entirely 
of luminescent panels! The efficiency in terms of light 
output per watt of electrical energy is (at 50c/s) only 
about half that of a 100W filament lamp. It increases as 
the frequency is raised but the best obtainable efficiency 


* Naval Research Laboratory, New Zealand 
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is much less than that of a fluorescent tube. Ceiling panels 
and wall panels have been demonstrated but have not 
been manufactured on a commercial basis. However there 
are some specialized applications for which electrolumines- 
cent panels are particularly suitable. Examples are, safe- 
lights of various colours for use in darkrooms, radio 
dials, aircraft instrument lighting, ‘exit’ signs in cinemas, 
and indicator panels for lifts. At the low levels of illu- 
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Fig. 17. Ageing of an electroluminescent lamp (by Wylie) 


mination required for some of these applications the 
panels, if operated continuously for a year, would con- 
sume less than one unit of electricity. 


Information Display Systems 

Electroluminescence has many advantages in displays 
of numerical and symbolic information, especially where 
characters are formed by separately illuminated segments. 
Such displays are used, for example, in control rooms on 
airfields, or military operations rooms, where up-to-date 
information on the availability of aircraft, vehicles, etc., 
is required. They may also be found useful in applications 
as diverse as train indicators, stock quotation boards, and 
digital voltmeters. The electroluminescent panel is thin 
and it forms a flat indicator which can be read over a 
very wide viewing angle. All the light generated is useful 
so that the effective efficiency is greater than with other 
types of indicator (such as filament bulbs with masks 
over them). The panels do not require evacuated envelopes 
or heated filaments, and they do not reach a high tem- 
perature, so the possibility of failure is very small. They 
can be made in a wide range of sizes, f a fraction 
of an inch to several feet in height, and the brightness 
is more than sufficient for use in an adequately-illuminated 
room. 

One system developed recently uses combinations of 
some or all of nine narrow vertical or horizontal seg- 
ments to make up the decimal numerals 0 to 9. This is 
illustrated in Fig. 18, the centre of which shows an elec- 
troluminescent cell with a large area transparent front 
electrode, and a back electrode divided into nine seggents. 
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To display a ‘9’ for example, all the segments except 
the one labelled ‘e’ must be selected. They are connected 
together to one side of an alternating voltage source, the 
other side being taken to the transparent electrode. The 
smaller diagrams in Fig. 18 show the shapes of the 
numerals which can be obtained. Some of these are rather 
unconventional, but they satisfy the essential condition— 
that they should be clearly distinguishable from one an- 
other. 

In another system, illustrated in Fig. 19, 14 segments, 
four of them diagonals, are used. All the letters and 
numbers, as well as some other useful symbols can be 
simulated by combinations of these. This system has been 
described as an ‘Electroluminescent Typewriter’ because 
a conventional typewriter key-board is used for the selec- 
tion of the required character. When a character has been 
selected it will remain illuminated until it is altered by 
the selection of a different one, or is extinguished by 
operation of the ‘erase’ key. The simultaneous selection 
of all the segments which form a letter, by means of a 
single key, involves some rather complex switching. This 
is performed by decoding or ‘translation’ matrices using 
crystal diodes or ferro-electric switches. The whole equip- 
ment therefore uses only solid-state devices, without any 
need for thermionic valves and their associated power 
supplies. 


Graphical Output Unit for a Digital Computer 

The results of calculations made on a digital computer 
appear at the output in numerical form, but in many cases 
it is desirable to display them graphically. An electro- 
luminescent matrix is particularly suitable for such an 
application. The matrix, consisting of say n x n small 
cells, is analogous to a sheet of graph paper with n x n 
squares. This is illustrated by Fig. 20 which shows a 32 x 32 
matrix, with all the cells luminescing. One ‘draws a 
curve’ on the matrix by illuminating successively the cells 
corresponding to the points calculated by the computer. 
For example if the computer plots a straight line at 45° 
to the axis, going through the origin, the cells along the 
diagonal of the matrix will be illuminated in succession. 
The curve can be recorded photographically as well as 
being inspected visually. An electroluminescent display 


Fig. 18. Use of nine-segment pattern gives any number from zero to nine 
(by Lyman and Jones) 
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. Combination of 14 segments gives sumbers or letters 
(by Hamburger) 


of this type has some advantages over graphical-output 
units using cathode-ray tubes. Selected points are fixed 
in position, whereas with a c.r.t. the position is subject to 
small variations in the deflexion sensitivity. Also the out- 
put from the computer is in digital form, which is ideal 
for the selection of points on the matrix; to produce 
deflexions on a c.r.t. it must be converted to analogue 
form, and this introduces another source of error 


THE ELECTROLUMINESCENT MATRIX 

The matrix of electroluminescent cells is made by a 
photo-etching process which enables high accuracy of posi- 
tioning and uniformity to be achieved. The n’ cells are 


the intersections formed by two sets of n long narrow 
conductors at right-angles to each other. One set of course 
must be transparent. A phosphor layer of large area is 
sandwiched between the two sets of electrodes, as shown 
in Fig. 21. Each intersection forms an electroluminescent 
cell identical in properties to the cells discussed in Part 1. 
Matrices have been made with 512 lines in each direc- 


Fig. 20. Electroluminescent matrix luminescing 
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tion, each line (conductor) being 0-015in wide, and separa- 
ted from its nearest neighbours by -00Sin. The problem 
of making electrical connexion to the conductors is solved 
by providing for each a small silver ‘flag’ to which 
leads can be soldered. The way in which this is done can 
best be illustrated by the photograph of a 128 x 128 
array shown in Fig. 22. 
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Fig. 21. Electrolominescent matrix 


To make any selected cell luminesce an alternating 
potential must be applied to the appropriate two conduc- 
tors, one vertical and one horizontal. It is usual to earth 
all the unselected conductors, and to apply equal anti-phased 
voltages to the two selected. Thus if a peak-to-peak voltage 
of +v/2 is applied to the selected horizontal line, and 

v/2 to the selected vertical line, the selected cell will 
have a voltage of v across it (Fig. 23). In addition all the 
other cells along the selected lines (a total of 2m —2) will 
have voltages of v/2 across them. They also will luminesce, 
but with a lower intensity. The ratio of the brightness of 


Fig. 22. 128 x 128 matrix 
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the selected cell to that of these (unwanted) cells may be 
called the discrimination ratio. In this graphical output 
application the photographic film recording the selected 
cells is continuously exposed to the emission from the 
unwanted cell positions. Images at these positions will 
gradually build up as the points on the required curve are 
selected one by one. The discrimination ratio gives an 
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Fig. 23. Selection of a cell in an electroluminescent matrix 


indication of the number of points which can be selected 
before a background of unwanted images becomes appar- 
ent. It is evident that the ratio should be as high as 
possible. 

The brightness B of the emission from a selected cell 
depends on the voltage across it in a way specified by 
the equation (given in Part 1): 


B =a. exp(— b/V v).... (1) 
Thus the discrimination ratio D, as 
defined above will be given by: 

D = exp(0-414b/V v) .... (2) 
This shows that D increases as the 
voltage (and hence the brightness) 
is lowered. A considerable in- 
crease in the discrimination ratio is 
obtained when the unselected con- 
ductors, instead of being earthed, 
are energized with an anti-phase 
voltage one third of the amplitude 
of that applied to the selected con- 
ductor. This method of selection 
is shown in Fig. 24. In this case, 
when a voltage v appears across 
the selected cell, all the n*? — 1 un- 
selected cells have voltages of v/3 
across them. The new discrimi- 
nation ratio, D’ is 

D’ = exp(0-732b/V v) .. (3) 
In typical operating conditions it 
has been found that the following 
values may be obtained: 

D = 600 
D’ = 80000 

In addition to this great increase 
in discrimination, the second 
method has the advantage that 
all the unselected cells will give 
images of equal intensity—the 
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background will not depend on the shape of the curve(s) 
being plotted. 

Computers operate at high speeds and it is important 
that the time taken to record each point on a curve is 
not so great that computer time is being wasted. The 
minimum time for which a selected cell must be energized 
is affected by the value of v—if v is increased then the 
excitation time can be reduced. It is affected also by the 
build-up phenomenon, since under normal operating con- 
ditions the time interval between successive selections of 
any given point on the matrix will vary within very wide 
limits. Thus the excitation time should be sufficient for 
the build-up to have a negligible effect on the total 
emission from a selected spot. It is further influenced 
by the fact that the characteristics of photographic emul- 
sion can be used to improve the discrimination by a 
factor of 10. This is because for very low light intensities 
the ‘reciprocity’ law relating illumination intensity with 
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Fig. 24. Improved method of selection 


the exposure time fails. Clearly it is possible to sacrifice 
speed of operation for a greater discriminatiog ratio, or 
vice versa, and a compromise must be reached. With the 


512 x 512 panels now being tested on the * Mercury’ 
computer at Manchester University it is expected that a 
satisfactory discrimination ratio, and a sufficiently dense 
photographic negative can be obtained by choosing v = 
150V, and energizing the cell for a few milliseconds. 


Electroluminescent Matrix as a Permanent Store 

Information stored in the high-speed store of a digital 
computer may be of two types, namely that which is 
retained during one or more operations involving a com- 
paratively small total time and that which is required 
throughout prolonged sequences of operations. It is desir- 
able that the latter kind of information be permanently 
stored so that it is readily accessible at any time. In view 
of the limited capacity of the high-speed store it is an 
advantage to have a subsidiary store for this kind of 
information. It is desirable that the information in such 
a store should be accessible at high speed and that reading 
the information should be ‘non-destructive.’ These re- 
quirements can be met by a storage device based on the 
phenomena of electroluminescence. 

The information to be stored will contain both num- 
bers and instructions, but all of it is coded in ‘ binary’ 
form before being transferred to the high-speed store. 
This means that the ‘information’ consists only of ‘0’s 
and ‘1’s. A simple form of store uses a matrix of n x n 
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electroluminescent cells, covered by a mask which has 
holes to indicate ‘I’s and is opaque where ‘O's are stored. 
Photographic masks of the type shown in Fig. 25, having 
the required pattern of information, can be made with 
high accuracy. The information can be changed, if neces- 
sary, by changing the mask. It can be read out by selecting 
the cells one at a time (by means of voltage pulses applied 
to the appropriate vertical and horizontal conductors), and 
detecting the resulting light flashes with a photo-multiplier. 

The method of operation of the matrix is essentially 
different from that used in the graphical output panel. In 
order to read the stored information rapidly it is neces- 
sary to energize the cells with very narrow pulses of 
voltage; this leads to the emission of double pulses of light 
which may rise to a maximum in 0-2usec or less. The 
emission decays relatively slowly and, depending on a 
number of factors, may take from 15 to SOusec to decay 
to one-tenth of its maximum. It is this ‘ afterglow’ which 
limits the rate at which digits can be read. When a num- 
ber of cells is selected in succession the photo-multiplier 
is, at any given time, able to detect light from the cell 
which has just been selected, and also from any others 


Transparent front electrode 





individual 
back elec- 





Fig. 25. (left) Part of a typical mask (by Hoffman et al) 
Fig. 26. (right) Section of television panel 


which have been selected previously and are still lumines- 
cing. The digit period must be made long enough to 
ensure that the residual emission from all previously- 
selected cells is much less than the emission from a selec- 
ted * 1". 

One of the attractive features about an electrolumines- 
cent matrix as a store, is that it may be possible to use 
matrices containing a large number of very small elements. 
32 x 32 matrices with cells Imm square have been 
operated successfully, and the probable limit to the size of 
the cells is about 0-25mm square. However, because of 
the limit to the sensitivity of the photo-multiplier the 
choice of a smaller size of cell necessitates the use of 
larger voltage pulses. The total number of cells that can 
be tolerated in a matrix is limited by the discrimination, 
which in turn is decreased by the use of larger pulses, 
sO a compromise has to be made. Discrimination has a 
definition which is different from that used in the previous 
section. The problem now is to discriminate (in the ex- 
treme case) between the light pulse obtained when a ‘1’ 
is selected from a matrix in which all the non-selected 
elements are ‘0s’ and the pulse which occurs when a ‘0° 
is selected in a matrix which has (n’—1) ‘1's. 

An equation similar to (1) relates the amplitude of the 
light pulse with the amplitude of the energizing voltage 
pulse. This equation can be used to find the amplitude of 
the anti-phase voltage which when applied to the non- 
selected conductors will give the best discrimination ratio. 
From it also the maximum number of cells which can be 
tolerated in the matrix, if an arbitrarily-chosen value of 
the discrimination ratio is to be achieved, can be caicu- 
lated. These quantities are primarily dependent on the 
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term b/ Vv which appears in equation (i) and for typical 
operating conditions when narrow pulses of voltage are 
used, this has a value of about 11 or 12. With this value, 
the calculations suggest that it should be possible for a 
64 x 64 matrix to be used (this may be compared with 
the normal size of 32 x 32 for a magnetic-core store). 
However measurements on experimental panels give lower 
values of discrimination ratio, and show that the maxi- 
mum size is about 32 x 32. The lower discrimination is 
caused by the light emission from a ‘0’ being enhanced 
by light which has been totally reflected at the glass sur- 
face and then scattered forward again by the phosphor. 
Some of this scattered light escapes through holes in 
the mask (‘1’s) and reaches the photo-multiplier. This 
effect could be minimized by using very thin sheets of 
glass for the panels. 

Possible advantages of using an _ electroluminescent 

matrix as a store are: 

(a) Each element can be made very small so that rela- 
tively large numbers of digits can be stored in a 
small area. 

(b) The method of construction is suitable for the pro- 
duction of cells which are very uniform at a rela- 
tively low cost. 

(c) The read-out is rapid and is obtained in the form 
of a pulse of light. This can be expected to simplify 
pick-up problems. 


Thin-Screen Television 

With the production in the early nineteen fifties of the 
first large-area electroluminescent panels came the realiza- 
tion that it might be possible to produce television sets 
using flat viewing screens. The popular conception is 
of large thin screens which can be hung on the wall. A 
simple electroluminescent matrix is unlikely to be used for 
this application because of the difficulty of selecting any 
one cell without affecting some or all of the others. The 
panel is likely to have a single large-area transparent 
‘front’ electrode, and a large number of small ‘ back’ 
electrodes (Fig. 26). This would give a regular array of 
discrete cells, each of which is energized by a voltage 
which produces the intensity of light required at its loca- 
tion. A screen of this type, used to produce images in 
response to video signals, differs from the conventional 
cathode-ray tube in several important ways. For example 
it is flat, it needs no evacuated envelope, and it is operated 
by digital instead of analogue scanning. Images very much 
larger than those of present-day television tubes can be 
contemplated. There are, of course, problems to be over- 
come before electroluminescent screens can be made with 
resolution, contrast, brightness and lack of flicker, equal 
to those of the c.r.t. The fundamental difficulty is that 
in order to obtain satisfactory resolution the number of 
cells required is of the order of a quarter of a million, 
and if these are scanned sequentially, then each one can 
have a control voltage applied for only a few millionths 
of the total time. If the total scan time is 0-OSsec (i.e. 
the ‘ frame ’ frequency is 20c/s) then each cell is energized 
for 0-2usec, twenty times per second. An electrolumines- 
cent cell operated under these conditions has a very low 
average brightness. Indeed it seems essential that each cell 
should emit light continuously at a brightness level set 
by the video signal, and should continue to do so until a 
subsequent video signal alters the level. In other words 
for each cell there should be a means of storing the in- 
formation in the video signal for 1 scan period, and of 
energizing the cell according to this stored information. 
There must also be a scanning mechanism by which video 
information can be passed to each element in turn. 
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One suggested method of meeting these requirements 
uses a magnetic storage device. Each element of the array 
of electroluminescent cells has associated with it a ‘ trans- 
fluxor ’. The transfluxor illustrated in Fig. 27, may be des- 
cribed as a special type of saturable transformer in which 
the mutual inductance between two windings is controlled 
by pulses applied to a third winding. The energizing a.c. 
is applied to the primary of the two ‘controlled’ wind- 
ings and the secondary is connected directly to the electro- 
luminescent cell. The special features which make the 
transfluxor suitable for this application are: 


(1) A very narrow pulse (0-Susec) can set the mutual 
inductance at a value at which it will remain in- 
definitely until the next control pulse arrives. 


(2) If a number of transfluxors is arranged in the form 
of a matrix, then any individual one can be opera- 
ted by the application of half-amplitude pulses to 
the appropriate row and column. The other ele- 
ments along the selected row and column (which 
receive a single half-amplitude pulse) are unaffected. 
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Fig. 27. The transfluxor (by Rajchmann) 
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Fig. 28. Ferroelectric control of an electrolumimescent cell (by Sack) 
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An array containing 1 200 electroluminescent cells and 
transfluxors has been tested on a closed circuit television 
system and has given satisfactory brightness and contrast. 
A repetition rate (or frame frequency) of 15 per second 
was found to be sufficient to give the illusion of con- 
tinuous movement without any noticeable flicker. The 
control pulse for each cell was obtained by sampling the 
video signal at the instant that the cell was selected. 

The cost of providing a transfluxor for every cell in the 
electroluminescent array makes an array of a quarter of 
a million completely uneconomical. Development is pro- 
ceeding and it is likely to be aimed at providing the neces- 
sary storage with fewer components. A possibility is that 
the cells may be selected a line at a time, so that only 
a single row of transfluxors is used. This has the obvious 
disadvantage that the cells are excited for only the period 
of a row scan, but with the improvement which may be 
expected in the making of phosphors, it may provide an 
acceptable solution. 

A second method uses a ferroelectric element to give 
storage and control. Ferroelectric materials—such as 
barium titanate—have the property that their capacitances 
can be altered by the application of a d.c. potential. The 
greater the potential, the lower the capacitance becomes. 
If an alternating voltage is used to energize an electro- 
luminescent cell in series with a ferroelectric capacitor, as 
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in Fig. 28, then the voltage across the cell—and hence its 
brightness—can be controlled by a d.c. bias applied to 
the capacitor. Furthermore if the bias is removed the 
capacitor will store its charge for a period of at least 
several minutes, so the brightness of the cell will remain 
unchanged until another control signal is applied. These 
ferroelectric capacitors can be incorporated in the elec- 
troluminescent screen, though a rather complex structure 
results. Multi-element screens with 10 elements to the 
inch have been made and there is no fundamental reason 
why, with improved techniques, resolutions of 50 to the 
inch should not be obtained. 

A possible method of distributing the video information 
(i.e. the control signals) is to make use of a set of inter- 
mediate storage cells, one for each element in a line of 
the screen. The video information is written into this 
store as it is received, and when the store is full the 
information (in the form of a quantity of electric charge) 
is transferred simultaneously to all the ferroelectric ele- 
ments in one line. The next batch of video information 


INCIDENT LIGHT IMAGE 


y, 
TRANSPARENT 
CONDUCTING 
COAT ING 
PHOTO-CONDUCTIVE 
LAYER “se 


~ELECTROLUMINESCENT 
LAYER 


ed 
OBSERVED ELECTROLUMINESCENT PICTURE 
Fig. 29. Sandwich type light amplifier (by Kazan and Nicoll) 


is then written into the store, and in its turn is transferred 
to the next line on the screen. It is claimed that with this 
method control signals can be distributed at megacycle 
rates, and it is worthy of note that there is no interruption 
to the emission from the electroluminescent cells. 

This type of screen gives the necessary brightness, con- 
trast, and half-tone reproduction, and can almost certainly 
be developed to the stage where the resolution and the 
speed of distribution of the video information are ade- 
quate. The problems awaiting solution are concerned 
with the economical fabrication of the screen and the 
associated scanning system. To what extent these problems 
can be solved it is difficult to say, but one is bound to be 
optimistic in view of the tremendous advances being made 
in so many branches of solid-state physics. 


The Light Amplifier 

A light amplifier, or image intensifier, is a device which 
when receiving light of a given intensity from an object, 
is capable of producing a brighter image of the same size. 
The most successful solid-state light amplifiers use a com- 
bination of photo-conductive and _ electroluminescent 
elements and give gains of 100 and more. The gain is a 
function of both the wavelength and the intensity of the 
incident light and is generally greater for lower intensi- 
sities. The colour of the image is always the character- 
istic colour of the electroluminescent emission. This de- 
pends on the phosphor used and it is possible to have 
blue, green, yellow, red, or a mixture of these. A simple 
light amplifier can be made by sandwiching a thin layer 
of photoconductive cadmium sulphide and a thin layer of 
phosphor between two transparent conducting electrodes, 
as shown in Fig. 29. When an alternating voltage is 
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applied to the electrodes the magnitude of the current will 
be controlled by the total impedance of the two layers, 
which are electrically in series. If the intensity of the 
incident illumination increases, the resistance of the cad- 
mium sulphide will decrease. This will result in a larger 
fraction of the voltage being dropped across the phosphor 
layer and an increase in the brightness of the emission. 
The realization of a high gain is dependent on the correct 
matching of the impedances of the two elements and for 
this reason the simple sandwich-type of structure is not 
very satisfactory. The incident light cannot penetrate far 
into the cadmium sulphide so, to obtain a large change 
in the resistance, a thin layer must be used. But a thin 
layer will have a capacitance which is high compared 
with that of the electroluminescent layer, so that even 
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Fig. 30. Grooved photo-conductor type light amplifier (by Kazan and Nicoll) 


when the photo-conductor is in the dark most of the 
voltage will be across the phosphor and it will be rela- 
tively bright. Thus the range of brightness will be very 
restricted. Also, since light is being emitted throughout 
the bulk of the phosphor, there will be an uncontrollable 
amount of light fed back to the photo-conductor. 


To overcome these disadvantages a more complex con- 
struction, such as that shown in Fig. 30 is used. A very 
thin opaque layer covers the phosphor, and on top of this 
is a low-resistance conducting layer of cadmium sulphide. 
This is covered by a layer of photo-conducting cadmium 
sulphide about 0-015in thick which has accurately mach- 
ined V-shaped grooves cut in it, with a spacing of 40 to 
the inch. The grooves are cut right to the bottom of 
the layer and the flat tops, which are about 0-004in wide, 
carry metal electrodes which are all connected to a com- 
mon terminal. These modifications result in the photo- 
conductive layer having a lower capacitance. What is 
more important is that now the main current flow is 
down the surfaces of the grooves, and the total resistance 
is very sensitive to changes in the intensity of the incident 
radiation. The low-resistance layer of cadmium sulphide 
acts as a current-diffusing layer, so that the narrow strip 
at the bottom of a groove can influence a strip of phos- 
phor approximately 0-025in wide. Panel amplifiers of 
this type have given gains of up to 60, and the resolution 
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and quality are about equivalent to that of a television 
picture. 

Improvements can be made in several directions Fer 
instance, if the opaque layer is omitted, and the current 
diffusing layer is made thin a fraction of the output light 
will be fed back to the photo-conductor, and this will lead 
to a higher overall gain. In addition the sensitivity of 
the photo-conductor to changes in light intensity, can be 
increased by using a d.c. biasing current. This increased 
sensitivity has led to the development of light amplifiers 
with gains of greater than 100. However it should be 
pointed out that one of the features inherent in these 
amplifiers is that with a constant intensity of incident 
light the gain (and hence the output brightness) continues 
to increase slowly with time, over a period of many 
seconds, and even minutes. 

Although many uses have been devised for light ampli- 
fiers, the most important application has been in con- 
nexion with X-rays. In both medical diagnosis and 
industrial testing it is extremely valuable to be able to 
see an image directly, as well as to photograph it. The 
fluoroscope screen which has been used in the past gives 
a low contrast image of very low intensity—so low that 














Fig. 31. Photo tive-el fh 


observations have to be made in a completely dark room 
and the observer may have to spend some time in ensuring 
that his eyes have become adapted to the darkness. With 


the same intensity of incident X-rays the light amplifier 
gives an image which is 100 or more times brighter than 
the fluoroscope. This image is of high contrast and 
decays slowly over a period of about 30sec with the 
X-rays off. These advantages mean that the amplifier 
can give a better image with a lower intensity of irradia- 
tion, and that the image can be viewed at close quarters 
without the necessity for heavy shielding. 

X-ray panel amplifiers 12in square have been made 
with a resolution of 40 lines/in, and more recently, similar 
panels with 80 lines (grooves) to the inch have been 
developed. An 800V d.c. bias is used on the photocon- 
ductive layer. This besides increasing the gain, is useful 
in that it enables the observer, by operating a changeover 
switch which reverses the polarity of the bias, to erase an 
image at any arbitrary moment during its decay. 


Photo-conductive-Electroluminescent Elements 

An electroluminescent cell and a photo-conductive cell 
may be connected in series across a source of alternating 
voltage, as shown in Fig. 31. If the light emitted by the 
electroluminescent cell falls on the photo-conductor the 
combination is effectively a regenerative light amplifier. 
It is possible so to choose the impedance of the compon- 
ents that a two-state switching device is obtained. In 
the first stable state the photo-conductor is in the dark 
and its resistance is so high that very little voltage is 
available for the electroluminescent cell, which therefore 
emits no light. An external pulse of light can be used 
to trigger the circuit into the other stable state. When 
the photo-conductor is illuminated by this pulse its resist- 
ance decreases and the voltage across the electrolumin- 
escent cell increases sufficiently for light to be emitted. 
This causes a further reduction in the resistance of the 
photo-conductor, which in turn leads to an increase in the 
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brightness of the emission. Once this regenerative action 
has started it will continue (even though the trigger pulse 
has been removed), until the second stable state is reached. 
In this state nearly all the voltage is across the electro- 
luminescent cell, which is emitting at high intensity, and 
the resistance of the photo-conductor is very low. 

It is evident that a circuit of this type can be used as a 
switch or as a storage element. By using numbers of 
such elements it is possible to design computer stores, 
adders, shift registers, flip-flops, counters, etc. They have 
some attractive features: each element can be made very 
small, printed circuit techniques can be used in the fabri- 
cation, and the suitability for mass production would 
lead to a low cost per unit. There is however one serious 
disadvantage—the photo-conductor responds relatively 
slowly to changes in light intensity. Using cadmium sul- 
phide the switching time for a bistable circuit is at best 
about 10msec. Thus the operating speed is too slow for 
these devices to find practical application in digital com- 
puters, While they may be useful in special purpose 
machines where the main requirement is for the handling 
of a large amount of information at a low cost, the wide- 
spread use of photo-conductive-electroluminescent elements 
must await the development of improved photo-conductor 
materials. 


Conclusion 


The aim in the preceding sections has been to give an 
outline of a representative selection of the many applica- 
tions which have been found for the phenomena of electro- 
luminescence. Development work in this relatively new 
field ts proceeding in many laboratories and interest con- 
tinues to increase. It is certain that during the next few 
years, as techniques are refined and new materials become 
available, many useful devices will make their appearance. 
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Design Data for Band-Pass Ladder Filters 
Employing Ceramic Resonators 


By R. C. V. Macario*, B.Sc., Ph.D. 


Piezoelectric ceramics which have high electromechanical coupling coefficients and medium Q factors, 

when in the shape of small circular disks resonating in a radial mode and in conjunction with or 

without capacitors, make attractive band-pass ladder filters. In the article design feasibility data for 

a variety of networks are examined and given in the form of graphs with exact design data as tables. 

These are based on image parameter theory, the justification of which is established by comparing 

actual filter responses. The ranges of centre frequency, bandwidth and image impedance achievable 
are discussed. 


(Voir page 197 pour le résumé en francais: Zusammenfassung in deutscher Sprache auf Seite 204) 


A CHAIN of resonant elements can produce a remark- 
ably selective band-pass wave filter with characteristics 
directly relatable to the individual elements. Using quartz 
crystal resonators the design of such networks has been 
well established by W. P. Mason' and others’ using image 
parameter theory and a simple equivalent circuit for the 
quartz resonators. The equivalent circuit assumes only 
reactive components and hence the design equations are 
very much simplified. 

Piezoelectric ceramic resonators on the the other hand 
must contain a substantial resistive component in their 
equivalent electric circuit as is evidenced by their much 
lower Q than quartz crystals*, but if in the first instance 
the resistive component is neglected then networks employ- 
ing ceramic resonators can be designed along the same 
lines as evolved for quartz crystals. To ascertain the justi- 
fication of this approach comparison between the measured 
amplitude/frequency responses of actual filters to those 
calculated is made, and is also supported by results deduced 
by recent network theory analysis*. 

The ceramic resonators considered here are in the form 
of small thin disks and resonate in a radial expander mode. 
This mode is relatively free from spurious responses and the 
overtone frequencies are placed the furthest apart®. With- 
out the resistive component the equivalent circuit is identi- 
cal to that of a quartz crystal. In designing a network, the 
values of the reactances of the equivalent circuit are estab- 
lished from the amplitude response desired for the net- 
work, and then the dimensions of the resonators are cal- 
culated from a knowledge of the piezoelectric coefficients 
of the ceramic, Typical values of these coefficients are given 
in the text. It is noteworthy that piezoelectric ceramics 
have higher electromechanical coupling coefficients than 
quartz crystals and consequently they are more attractive 
for wide bandwidth filters. 

Nine ladder section configurations are dealt with, each 
having ceramic resonators as the primary elements and 
capacitors as the secondary elements. Design equations, 
based on image parameter theory, are summarized in the 
form of graphs and tables. The graphs will be found useful 
for feasibility design while the tables are used for final 
values. Filters with disks in both the series and shunt arms 
are as described by Curran and Geber*. 

A number of actual filter responses’ indicate that the 
attenuation curves come reasonably close to the responses 
expected based on ideal loss-free resonators. Nonetheless, 
limitations in extreme cases are evident because of the 
finite Q of the resonators, but the limits on fractional band- 
width for example can be estimated in the manner suggested 
towards the end of the article. 





* IBM British Laboratories, formerly The Plessey Co. Ltd. 
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General Properties of Piezoelectric Ceramic Disks 
Circular disks of ferroelectric ceramic material polarized 
in thickness vibrate in a radial expander mode when 
excited by an oscillatory voltage impressed across elec- 
trodes silver fired on the two faces**. In some respects they 
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resemble vibrating plates*, but due to the boundary condi- 
tion imposed by the polarization’ the number of resonances, 
or tones, are restricted, and this makes them attractive as 
wave filter elements. 

Fig. 1 illustrates the construction of the resonator, the 
type of frequency response and the equivalent circuit 
employed. The component values of the equivalent circuit 
are related to the dimensions of the disk and the piezo- 
electric properties as follows’. 

The clamped capacitance C, depends on the relative di- 
electric constant ¢ of the material, and: 

'o = € e(xa’/t) 
where ¢, is the permittivity of free space. 
a is the radius of the disk. 
t is the thickness of the disk. 

The mechanical capacitanee C, is proportional to C, 
and depends on the electromechanical coupling coefficient 
kx of the radial mode. The ratio C»/C. also determines 
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the separation Af of the resonant f, and anti-resonant fre- 
quency far, and the approximate relation between the 
quantities is: : 

Calo = QAF/f) = Rly). Bey eoeee @) 
where y. is a constant depending on the tone considered. 
For a typical ceramic: 

Yo = 2°80 in the fundamental mode 
= 20°6 in the first overtone mode. 
The first overtone is some 2-5 times higher in frequency 
than the fundamental. 

From equations (1) and (2): 

a=K.(@/ 
where K is a constant for a given ceramic and tone, but 
varies from one material to another. Table 1 gives typical 
values of Af and K for different values of coupling co- 
efficient kx, assuming « = 1000. Here f,; = 470kc/s. 
The equivalent inductance Lm is related to Cm by: 

Le = 1/472°f;Cm 
while: 

Rn = 1/2zfrCuQm 

where Q,., is the mechanical Q of the material and is the 
chief source of loss in the material*. For a typical material, 
C. is about 150pF in the case of a disk with a fundamental 
resonance at 470kc/s. Cm is about one-fifth of C., while 
R» in ohms has approximately the same numerical value 
as Cm in picofarads. 

These relations enable the dimensions of a disk to be 
calculated from the equivalent circuit established in the 
course of designing a filter. It is clear, however, that for 
a filter to be useful in practice the piezoelectric coefficients 
of the ceramic must be both stable in time and with tem- 
perature. A composition promising in this respect is lead 
titanate zirconate, which has recently been discussed in 
detail by Berlincourt, Cmolik and Jaffe*. This material has 
a relative dielectric constant of about 1 000, but by includ- 
ing various additives and altering the ratios of the con- 
stituent parts kg may take values ranging from 15 to 50 
per cent. Corresponding Qm values range from 1 000 to 100. 
The frequency factor Fp (resonant frequency times radius) 
for the disks is such that practical filters may be realized 
with a range of centre frequencies from 100kc/s to 1Mc/s. 
At the higher end of the scale use is made of the first over- 
tone resonance. 


Derivation of Design Equations for Ladder Networks 


Ladder networks are divisible into discrete sections. The 
various sections considered contain ceramic resonators 
and/or capacitors. Each section is assumed to be charac- 
terized by an image impedance Z, which may or may not 
be the same at the opposite terminal pair, and an image 
transfer constant @. Thus if the terminal impedances 


TABLE 1 
Parameters depending on kz 
4f af 
kx (per cent) | (ke/s) (ke/s) 
| FUNDAMENTAL | 1** OVERTONE 





K x 10” 
(pF/m) 
FUNDAMENTAL 


1-00 
2-28 
4-15 
6°64 
9-82 
13-7 
19-0 
25-3 
33-1 





0:39 
0-88 
1:59 
2°55 
3-78 
5-30 
7:30 
9-74 
12:75 


32-0 
42:7 
56-0 





between which the network operates, and the critical fre- 
quencies which define the real part (attenuation <) of the 
image transfer constant are specified, the reactances of the 
network can be calculated, by prescribing'” 

(1) fi the lower cut-off frequency. 

(2) fe the upper cut-off frequency 

(3) fo the frequency of infinite attenuation or pole 

frequency 

(4) the image impedance Z at the centre frequency fc. 
The centre frequency is taken as (fi + f2)/2. 

Relations derived on this basis'*’, form the design equa- 
tions and are tabulated below for the various sections, 
divided into groups of three: 

(1) Symmetrical single resonator sections. 
(2) Unsymmetrical L-sections. 
(3) Symmetrical double resonator sections. 

Each section is essentially a bridge, 7, 7, or L-section. 
Table 2 shows the structure of each basic section alongside 
the appropriate expression for Z and @ in terms of the 
branch reactances. 

In each network Z; refers to the series branch reactance 
and Z:2 to the shunt branch reactance. A subscript on the 
image impedance Z, however, is intended to denote the 
type of section. 

Also, if Z; is a capacitance say, then: 

1 

Pf 
where C; is the value of the capacitor in the series arm. 
If Z. is a piezoelectric resonator, then: 

2 

j27fCre far’ — f 

where Cy is the electrostatic capacitance, i.e. equation (1). 
This is related to the equivalent mechanical capacitance: 


A= 


TABLE 2 
Image Impedance and Image Transfer Constant for Ladder Sections 











IMAGE IMPEDANCE ! IMAGE TRANSFER 
Z CONSTANT @ 


4; 
< - Biase yf 
Zo yi ad 22 
mat 


va ' 
—“~pvy\ppr-—_> 


Zz =" /(Z,Z,) 


2 tanh-* ’,/(Z,/Z,) 





T—SECTION 


2Z,/Z,) | 
2 tanh~’ 


J (57) 


T—SECTION 
VW | 
; aos A 
he Be 4 
EES 


L—SECTION 











ELECTRONIC ENGINEERING 


MARCH 1961 





while the equivalent mechanical inductance is given by 
equation (4). 


Design Equations 
In the tables which follow, illustrating three sections 
apiece, the rows give the following data: 

(1) The description of the network. 

(2) The structure of the network showing the position of 
the ceramic resonators and the capacitors. 

(3) The shape of the attenuation curve || indicating the 
positions of the critical frequencies. 
The value of the frequency parameter m which 
depends on the choice of shape of the attenuation 
response. 
The value of the capacitor C in terms in the mid- 
band terminating impedance Z and the frequency 
factor m. 
The value of the resonator electrostatic capacitance 
C. in terms of the fixed capacitor. 

(7) The value of the resonator mechanical capacitance 
Cm in terms of the resonator electrostatic capacitance. 

(8) The value of the resonator mechanical inductance 
Lm in terms of the resonator mechanical capacitance. 

(9) The identity of the resonator resonant frequency f; 
with a critical frequency. 

(10) The condition of feasibility, or the maximum separa- 

tion of the critical frequencies in terms of the resona- 
tor frequency difference Af = far — fr. 
An illustration of the variation of the image imped- 
ance over the pass-band, and, in the case of an un- 
symmetrical L-section, the ratio of the input to out- 
put impedances. 


The shape of the attenuation and image impedance curves 
have been derived by the graphical extensions of the equa- 
tions given in Table 2, In general it is found that for a 
resonator in the series arm the resonant frequency f; 
determines the lower edge of the pass-band while the anti- 
resonant frequency determines the pole of attenuation in 
the upper stop band. For a shunt resonator, f, determines 
the pole of attenuation in the lower stop-band and f,r the 
upper edge of the pass-band. A resonator in both arms 
therefore produces a pole of attenuation in both stop-bands 
unless the corresponding frequencies overlap cf. column 
3, Table 4. Also f, and fa, do not appear in the design equa- 
tions since they are identified with one or the other of the 
critical frequencies f, fz or foo. 

Exact expressions for Z and 6 for the various sections 
are given in Table 6. In each case the image impedance is 
given in terms of the electrostatic capacitance of the series 
resonator used in the network; the variation of Z with the 
network response, rather than with the resonator, is then 
easily assessed. 

On the other hand, the image transfer constant is indepen- 
dent of the resonators, and depends only on the critical 
frequencies of the network response, which are functions 
of the ratios of the reactances. 


(11) 


Discussion of the Design Equations 
ATTENUATION CHARACTERISTIC 

An interesting, but restrictive property of ladder sections 
is their similarity of frequency response, which can be more 
fully appreciated by the exact computation of |6| = a using 
the equations of Table 6. Three computed patterns are 
shown in Fig. 2 and refer to a series-L, shunt-L and the 
double resonator L-section designed to provide the same 
pass-band and relative attenuation pole. The critical fre- 
quencies assumed are: 
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Centre frequency fo = 470kc/s. 

Pass-band width f. — fi = 8kc/s. 

Rejection frequency fa = fo + 10kc/s. 
As expected, the z-section (series resonator) gives a rejec- 
tion slot in the upper stop-band, the T-section gives a 
rejection slot in the lower stop-bands, while the double 
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resonator section gives a rejection slot in both stop-bands. 

The attenuation, in decibels is that value which would 
be observed for resonators having no internal dissipation, 
that is, infinite Q. The limitations imposed by actual 
resonators is discussed below, but shown in Fig. 2 is a 
plot of an observed response for a 4 z-section employing 
a resonator with a Om = 300. As expected, a finite Q pre- 
vents rapid changes of attenuation slope with frequency 
with a corresponding loss or introduction of attenuation; 
but the general pattern is quite evident. 

Nonetheless, the attenuation far from resonance does 
apply and in certain cases is of particular interest, i.e., to 
suppress overtones. Let the attenuation far from reson- 
ance be Aw. The values of A for the various sections 
having the response just described are: 

Full section Aw 13-6dB 
Half section Aw = 68dB 
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For a long uniform ladder the attenuation far-off reson- 
ance is the number of sections times the value for one 
section. 

Now it may arise that the magnitude of A is more 
important than the frequency response around resonance 
ie., the placing of the attenuation pole. Therefore in Fig. 
3 is plotted A. against variation in bandwidth f, — fi, 
centred about 470kc/s, and the positioning of the attenua- 
tion pole frequencies f.~, for a series resonator L-section. 
The data clearly indicates that A. increases as f.. is taken 
further away from the pass-band, (high K ceramics) or 
the pass-band is made narrower. 
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A knowledge of the magnitude of the matching imped- 
ance in ohms when considering ceramic ladder filters for 
communication networks, is clearly of importance, Thus 
in Fig. 4 is shown the variation of Z as a function of the 
bandwidth and the position of the attenuation pole, for 
a centre frequency of 470kc/s, assuming the use of ceramic 
resonators having an electrostatic capacitance C, = 150pF. 
(This value corresponds to a disk of about Imm thickness 
and 45mm diameter.) 

Scrutiny of the various graphs indicates that z-sections 
provide low impedance matching, while T-sections pro- 
vide high impedance matching. Double resonator sections 
have intermediate Z values. Nonetheless all the curves 
follow the same general pattern; narrow bandwidths, or 
pole frequencies far removed from the pass-band, lead to 
extreme values of Z. 

Further, since there is this variation of impedance among 
sections which have the same frequency response, it is 
possible to arrange impedance matching. The two methods 
are (1) combining unsymmetrical networks, and (2) inter- 
posing capacitive transformers between sections’. This 
feature is of importance when considering the networks 
as interstage filters in band-pass amplifiers. Z also varies 
with centre frequency. As, however, the diameter of the 
resonator also changes, the complete term involving 
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} xfoCo must be considered and it is easily shown that Z 
decreases in proportion to f.. Thus it is conceivable that 
m-sections could be designed to match 75() at a centre 
frequency of 100kc/s. 


CHOICE OF NETWORK 
The shape of the attenuation curve and the image imped- 
ance variation within the pass-band influence the choice 
of network for a particular requirement. For instance the 
2-disk L-section gives the best response per component’, 
but requires the close control of two different disk sizes 
and has a limited matching impedance range; double T- 
or z-sections may in fact be more useful in certain cases.. 
The extent of feasibility is stated briefly in row ten of 
the design tables. Af is related to kx and information 
*about this is given in Table 1. Higher electromechanical 
coupling coefficients allow a wider variety of networks and 
matching impedances to be employed, but the ceramic is 
then usually of low Q-value. 


TABLE 3 
Symmetrical Single Resonator Sections 
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UTILIZATION OF EQUATIONS 
For a given choice of networks, the appropriate design 
relations are found in Tables 3 to 5 and enable the equiva- 
lent circuit elements to be calculated. 
The dimensions of the resonators are evaluated using 
previous relations, namely: 
radius a = Fr/f, 
thickness t = Ka’/Cnu 
The electrostatic capacitance C, follows from equation (1). 
When the ceramic used lies within the condition of 
feasibility of the network, it will be found that: 
Ca X Ce, Oe. 
Thus an additional external capacitor must be added across 
the disk, of value: 


NUMERICAL EXAMPLE 
Suppose that a double-7 section is required to work 
between impedances of 1kQ and provide a bandwidth of 


TABLE 4 
Unsymmetrical L-Sections 
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8kc/s at 470kc/s with the rejection slot placed 10kc/s 
above the centre of the pass-band. 
fo = 470kc/s for = 480kc/s 
fi = 466kc/s Z = 1k 
fe - 474kc/s 
Using the equations of column 2 of Table 5: 
mi = 1-315 Cn = 224pF 
C2 = 340pF Ci = 13-6pF 
and fr = f; = 466kc/s. 
The feasibility condition is Af > fei — fi = Mke/s. 
From Table 1 this specifies the use of a ceramic with a 
coupling coefficient kx > 30 per cent. 


"TABLE 5 
Symmetrical Double Resonator Sections 
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Suppose that the following ceramic is available: 
kn = 40 per cent e = 1250 
Radial frequency factor F; = 110kc/s. 
a = Fx/f, = 0236cm 
Since t = K .a’/Ci, and taking K from Table 1, and the 
new dielectric constant into account: 
.t = 1:25Ky.(a/C:) = 0971mm 
“. Co = €.¢€.(na*/t) = 183pF 
Thus the disk must be padded with an additional 
capacitance: 
Ce = Cun — Co = 41pF. 
Hence two disks are required of 472mm _ diameter, 
0-971mm thickness, both padded: with 41pF and a shunt 
capacitance C; = 340pF. 
The attenuation far-off resonance will be 13-2dB. 


Thus: 


The shape of the (ideal) attenuation curve will be as’ 


shown in Fig. 2 for the 4-section, but with twice the 
value of attenuation. 

If a rejection slot in the lower stop-band is also required 
a m-section must be added in series with the above section. 


TABLE 6 


Image Constants in Terms of the Critical Frequencies 


With the previous parameters, except now fo2 = 460kc/s, 
then in the same manner it is found that: 

a = 0-239cm Ci = 340pF 

t = 0-432cm C.= 87pF 

Hence a much thinner disk is specified if the same 

matching impedance is to be met. In some cases the thick- 
ness of the disk will be outside the range of practical 
thickness to diameter ratios (about 1:5) or too fragile (less 
than 0-Smm thick). Fig. 4 is designed to illustrate the range 
of matching impedance that is available when using disks 
of average thickness. 


Design Limitation on Practical Filters 

IMPEDANCE MISMATCH 

+ The data given aims at matching the image impedance 
at centre frequency, but it is fairly clear that considerable 
mismatch must occur at the edges of the pass-band for 
terminal sections, but it need not be serious”. Even so, for 
long ladders the effect is small and resonator dissipation 
is the more serious limitation. 


FINITE RESONATOR Q 

The effect of using disks 
with a finite Q rather than 
ideal loss-free resonators is to 
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introduce insertion loss in the 
pass-band and to prevent 
rapid changes in the attenua- 
tion versus frequency slope, as 
is evident in Fig. 2. The latter 
effect limits the minimum 
practical bandwidth, but it 
need not limit the shape 
factor, provided the pass-band 
is not too narrow, and very 
good shape factors can be 
achieved with long ladders. 

Fig. 5 illustrates, with the 
aid of the response of two 
actual filters’, the improve- 
ment of shape factor as sec- 
tions (disks) are added and 
also how too narrow a band- 
width design deteriorates the 
actual filter response. The 
response aimed at is shown 
dotted in the diagram. Similar 
effects are noticeable for the 
data illustrated by Curran and 
Geber® pertaining to much 
longer filters. All, however, 
are based on image parameter 
design theory, and only when 
a very narrow bandwidth is 
aimed at, does insertion loss 
and departure from an ideal 
response become _ serious. 
Estimation of this limit can 
thus be regarded as an addi- 
tional condition of feasibility 
and provided all the desired 
filter specifications fall within 
the conditions outlined, the 
design will be met. 

Exact network theory" deals 
specifically with elements of a 
finite Q and the results may 
be applied here. 

For instance a specific per- 
formance can be met with any 
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(a) 2 disk filter 64B bandwidth = 8-2kc/s 
(b) 5 disk filter 6dB bandwidth = 4Okc/s 
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Fig. 6. Minimum bandwidth versus b of in the ladder 





network provided that the reactive elements have: 
min 

Q? fractional bandwidth 
where gmin iS a dissipation factor, and as usual, fractional 
bandwidth is the ratio of the 3dB bandwidth to the centre 
frequency. For a band-pass network gmin increases as the 
number of resonators N in the network increases, and 
data about this is readily available‘. 
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Alternatively one may write the condition as: 
Jmin - 


Q 


Taking the centre frequency as 470kc/s, Fig. 6, illustrates 
the necessary increase in minimum bandwidth as the 
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number of resonators employed increases. The values of 
Q. are those most likely to be encountered with piezo- 
electric ceramics. 

The data is readily extended to larger values of N, 
and suggests the minimum bandwidth possible using N 
disks at 470kc/s. Examination of actual filter data®’ sup- 
ports these conclusions. It is noted that data on shape 
factor versus number of resonators is similarly available‘. 

As the minimum bandwidth is approached mid-band 
insertion loss increases. An approximate expression for the 
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Fig. 7. Image imsertion loss per section at centre frequency of 470kc/s 


mid-band image insertion loss is: 


5. i ; 
—___-—. dB per section. 
(Gws. On 
This loss is plotted in Fig. 7, again for specific values of 
Qm, versus bandwidth for a centre frequency of 470kc/s, 
and shows that narrow bandwidth filters are clearly pro- 
hibited unless high Q ceramics become available. 


Conclusions 

Piezoelectric ceramics in the form of disks are simple 
and compact resonators with an electrical behaviour well 
understood in terms of the material properties. They may 
well replace coils in medium grade filters. A summary of 
the design relations for such filters has been attempted 
here. 
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LETTERS TO 


THE EDITOR 


(We do not hold ourselves responsible for the opinions of our correspondents) 


Introduction to the Ternary Code 
Number System 

Dear Sir,—With reference to the article 
by Mr. Morris afd Dr. Alexander on 
the ternary number system (September 
1960) and the subsequent correspondence 
(December 1960), the basis of the 
economy argument for the ternary 
system may be summarized as follows. 

If R valves (or other major com- 
ponents) are used in a ring having R 
stable states as a stage in a scaler, each 
stage added increases the logarithm of 
the overall count by log R and the total 
number of valves by R. It follows that 
the value of R which gives the greatest 
overall count for a given number of 
valves is the value which makes log R/R 
greatest. The logarithm may be taken to 
base e or to base 10, as_ preferred. 
Referring to a set of logarithm tables 
to base 10, 
log 2 0-3010 
“7 cols, cect 0-1505 


0-4343 


log e 
‘ 2:7183 


= 01598 


0-471 0-1590 
3 
0-6020 = 01505 

4 
._ 0.6990 
5 xs 5 


The maximum ratio is to be found at 
e, as may be deduced by differentiating 
the function logx/x, and the integer 
giving the maximum ratio is 3. However, 
it is immediately apparent from an 
examination of the actual ratios given 
on the right that there is little to choose 
between the first three values of R given, 
in this respect, as the maximum is a 
broad one and the changes in the ratio 
are small. It has been appreciated from 
the earliest days of electronic counting’ 
that the binary system has inherent 
advantages of simplicity, stability and 
freedom from critical components or 
adjustments. It is likely in most cases 
that a tristable circuit could only be 
obtained with a greater number of 
auxiliary components per valve than a 
bistable circuit. This would probably 
more than offset the narrow margin of 
economy in the number of valves. 
Finally, the binary system is ideally suited 
to many means of recording, such as 
punched paper tape and cards. In mag- 
netic recording, it has the advantage 
that the recording of a 0 or a | can be 
distinguished from no signal or a failure 
to record. It would seem, therefore, that 
the present extensive use of the binary 
system (as the main alternative to record- 


= 01398 
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ing with decimal devices such as Deka- 
trons) is well founded and that there is 
no good case for the use of ternary 
numbers. 
Yours faithfully, 
C. H. VINCENT, 


U.K.A.E.A., Aldermaston. 


REFERENCE 


1. Wynn-WituaMs, C.E. A Thyratron “ Scale-of- 
Loy <- Counter. Proc.Roy.Soc. 136, 
. ). 


The Authors’ reply : 
Dear Sir,—-We would like to thank Dr. 
Vincent for his most interesting letter 
and for all his comments which we fully 
agree with. However, there are some 
points which we would like to bring up. 

The economy of equipment is gained 
by the choice of a given radix but also 
depends greatly on the type of com- 
' 
r Fig. 1. 


Relation between radix 
and b of ts 


si 





R 
log AR 


jog AR 
a or a er a a 
RADIX R 





ise N (N=10°) 





NUMBER OF COMPONENTS & 


ponent which is going to be used. From 
a purely theoretical viewpoint, the most 
efficient utilization of equipment is that 
using base 3. 

The number of components E is a 
function of R log N/log R, thus as N is 
a constant the ratio leaves R/log R. The 
minimum ratio will be found at e and 
the nearest whole number is 3. As shown 
by Dr. Vincent, there is very little to 
choose between radix 3 and the radix 2 
or 4, and thus the choice of radix as the 
practical basis for computers is fully 
justified. However, we feel that the 
theoretical advantages of radix 3 may 
have some future practical applications 
and a computer has already been built 
in Russia which utilizes this base. This 
computer, SETUN', was constructed at 
Moscow State University for experi- 
mental purposes and was built in some 
respects ‘as a protest against the huge 
and complicated machines being built 
elsewhere ’. 

As shown in our previous letter 
(December 1960) there are some com- 
ponents which have the number of stable 
states identical to the radix, thus the 
number of components E”’ will now be 
proportional to n giving E’ = log N/ 
log R. N is a fixed value representing the 
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largest number which can be accommo- 
dated by this system. 

The following tables and curves of 
Fig. 1. show the relationship between the 
radix and the amount of equipment for 
both types of components (E = R log N/ 
log R and E’ = log N/log R) taking N 
as fixed 10° and referring to a set of 
logarithm tables, to base 10. 


R log N 
log R log R 
6°64 39-84 
6°25 37-50 
6°29 37-74 
6°64 39-84 
7-15 
8-86 
10 10-00 
12 11-12 
16 13-29 


log N 
log R 
19-92 
13-81 
12-58 
9-46 
8-58 
6°61 
6-00 
5-56 
4-98 


In practice both types of components 
are used in one machine, for example 
most computers have magnetic cores as 
storage elements and valves or tran- 
sistors as logical elements. It can be seen 
from both curves that radix 3 is far more 
efficient than radix 2. However, in prac- 
tice other things have to be taken into 
account before choosing the radix for a 
specific machine, one of the main con- 
siderations being the switching speed of 
the component and another the stability 
of each state. If, however, a three state 
device is to be found which can switch 
at the same switching rate as the two 
state device then it will have far greater 
advantage. When the article was written 
this problem was considered from a 
purely theoretical aspect, however, a 
three state device has been developed 
recently and was published at the same 
time as our article. This component is a 
magnetic film? which has three stable 
states and can be used for storage and 
logical ternary applications at fast 
switching speeds. Other types of ternary 
circuits have also been developed®-* but 
are at the present of little practical use. 

The computer binary stores which are 
designed today’ using two cores per bit 
can easily be extended to ternary stores 
without changing any of the driving 
circuits or any reduction in the cycle 
time. This gives the possibility of storing 
more information with the same number 
of cores. 

In future developments the informa- 
tion from one computer may be required 
to be transmitted to another computer 
miles away. This is already done for 
military purposes but will also have 
some applications for transmitting bank 
accounts or in other similar fields. The 
time it takes for the transmission of such 
information is most important and 
ternary codes can speed the transmission 
compared with binary codes. 

Coming back to Dr. Vincent’s letter, 
we fully agree with him that the binary 
system is ideal for special types of record- 
ing. The use of ternary codes may only 
complicate the machine if the informa- 
tion is stored on punched paper tape or 
cards but only the future will show if 
ternary arithmetic can be applied in 
practice. We feel that for some applica- 
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tions ternary arithmetic will have the 
advantage over binary. 

The article by C. E. Wynn-Williams 
which was mentioned in Dr. Vincent's 
letter is most interesting and shows the 
advantages of binary in an extremely 
attractive light, but there is no compari- 
son of the binary system with other 
systems and there is no mention of the 
ternary system. 


Yours faithfully, 


D. J. MORRIS AND W. ALEXANDER, 
University of Nottingham. 
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Fast Counting Circuits 
Dear Sir,—The article by Mr. J. A. Goss 
in your October 1960 issue is very 
interesting. His counter works on similar 
principles to one which has been designed 





described by Mr. Goss:- 

(a) It employs four identical 
Stages to each decade. 

(b) It employs normal] binary codes for 
the decimal numbers, enabling ana- 
logue read-out. 

(c) It can be used to add or subtract 
two pulse trains even when pulses at 
both inputs overlap or coincide. 

(d) The control of the binary stages to 
obtain a decimal count is simple. 

The complete counter is described in a 
forthcoming paper but a brief descrip- 
tion will indicate the method employed. 
Fig. 1 shows a complete decade. By 
making binary 3 (0011) the decimal zero, 
binary 12 (1100) becomes decimal 9. The 
next input pulse makes the count 1101, 
but also finds the AND gate opened by 
the d.c. voltages from the two most sig- 
nificant binary stages c and d. The pulse 
through the gate proceeds to reverse 
stages b, c and d so that the final con- 
dition is 0011 in stages d, c, b and a 
respectively which is the required decimal 
zero. Note that all four stages have been 
switched simultaneously by the applied 
pulse. The pulse also proceeds simul- 
taneously to the following decade. 

When used in a subtracting sense the 
change from 0011 to 1100 is carried out 
in the same simple manner. 

Fig. 2 shows one complete binary stage 
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Fig. 1. 


at the National Engineering Laboratory 
this year. Our counter operates by noting 
the condition (1 or 0) of each of the 
four binary stages which form a decade 
and using this information to determine 
which stages will be switched by the 
next pulse in. When this pulse arrives it 
is directed, via gates, to the stages requir- 
ing switching, and simultaneously to the 
next decade if a carry is involved. 

By using this technique we propagate 
a count through the twenty binary stages 
that form a 5-decade counter in 2usec 
although the individual binary stages on 
which the work was carried out have 
each a 2usec delay and 10usec resolu- 
tion time. A normal counter would re- 
quire 40usec to propagate the count. 
Because the binary stages are switched 
in parallel rather than in series, and 
because the output pulse may have 
passed through up to five gates in series, 
the pulse shape is reformed by using 
transistors rather than diodes in each 
gate and this causes the total delay of 
2wsec due to the OC140 transistors which 
it was convenient to employ. 

The counter we have designed is in 
some ways more convenient than that 
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Arrangement of complete decade 


a running difference between two pulse 
trains can be applied to the precision 
control of shaft speed’, to analogue/ 
digital convertors, digital differential 
analysers, the locking of two shafts to 
any desired speed ratio, and to the 
correction in error of worm-wheel tooth 
pitch error or rack and pinion pitch 
error. They have many applications in 
laboratory measurement, for example, a 
crystal oscillator frequency can be sub- 
tracted (or added) to a frequency being 
observed without any filtering, and is 
thus capable of performing over very 
wide bands without tuning. Alternatively, 
the difference between nominally equal 
frequencies can be indicated, or used for 
phase-locking purposes. A_ stroboscope 
can be arranged to trigger at the differ- 
ence (or sum) of a frequency derived 
from shaft rotation and a much lower 
frequency which will determine the 
apparent rotational velocity of the shaft 
when illuminated by the stroboscope. 
This apparent velocity is not affected by 
shaft speed over a wide range. 
Yours faithfully, 
W. H. P. Leswie anp D. Nairn, 
National Engineering Laboratory, 
Glasgow. 
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—each one is identical. The d.c. output 
from a binary unit is delayed by R,C, 
until the pulse has either been passed on, 
or blocked, at the subsequent gate, due 
to the d.c. output which was supplied 
to it before the pulse arrived. C,R, serves 
also as a differentiating circuit to sharpen 
the carry pulse. The values shown were 
chosen to suit a commercial 100kc/s 
binary unit available in a potted block 
form. Higher frequency values could be 
used for faster binaries. If economy is 
important only one pulse-shaping gate is 
essential in each decade. Diode gates 
could be used for the other three binary 
stages but we have chosen to make each 
stage a similar plug-in-unit. 

Using these 100kc/s binaries add/ 
subtract counters have been constructed 
which can deal with two separate input 
pulse trains each up to 30kc/s with no 
restriction on phase relation and which 
provide perfect adding or subtracting. An 
additional input stage intercepts pulses 
on the two lines when they are closer 
than 12usec and produces two new pulses 
20usec apart which can be added into 
the counter or ignored when subtracting. 

Counters which can reliably indicate 
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Fig. 2. A complete binary stage 


The Author replies : 

Dear Sir,—Mr. Leslie’s system achieves 
a fast carry propagation with relatively 
slow speed binaries; however, the maxi- 
mum input frequency is still limtted by 
the successive carries through individual 
binaries and propagation through the 
gates which occur at the critical transi- 
tion between counts of 1101 and 1100. 
The object of ‘Isabel’ is to exploit the 
capabilities of flip-flops to the full in a 
decade counter while keeping the cost 
comparable with a straightforward scale 
of 16 counter, and also to obtain com- 
paratively fast carry propagation. If the 
fastest possible carry is necessary, there 
is no reason why the principle of generat- 
ing the carry from the gated input signal 
should not be used with * Isabel’. 

The reversible version of ‘ Isabel’ will, 
of course, also cope with simultaneous 
‘add’ and ‘subtract’ input pulses when 
preceded by units for storing and com- 
mutating the input signals. 


Yours faithfully, 
J. A. Goss, 
Racal Engineering Ltd, 
Berkshire. 
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BOOK REVIEWS 


High Frequency Applications of 
Ferrites 


By J. Roberts. 166 pp. 46 figs. Crown &8vo. 
English Universities Press Lid. 1960. Price 16s. 


HIS book is written for final year 
students of physics and electrical 
engineering, postgraduate students, and 
research workers. It should also have a 
wide appeal among all those working on 
the application of magnetic materials, 
both metallic and ceramic; the author 
takes every opportunity of comparing the 
high frequency applications of the two 
types. 

The author commences with a general 
introduction to the structural magnetic, 
and electrical properties of the ferrite 
magnetic materials and then proceeds to 
allot one chapter to each of the four 
main fields of high frequency application. 
The first of these chapters is devoted to 
the use of ferrite cores for inductors 
and transformers. Then follows a very 
thorough section on the microwave appli- 
cations of ferrites which is particularly 
valuable for its simple theoretical treat- 
ment of this complex subject. The third 
chapter deals with computer applications 
with sections on magnetic shift registers 
and ferrite core memory stores. The book 
concludes with a section on permanent 
magnet materials which pays particular 
attention to the factors governing the 
choice between metallic and ferrite mag- 
netics. This chapter also contains a few 
pages on the allied Ferroxplana materials 
which are used in inductors and trans- 
formers at very high frequencies. 

This book is to be thoroughly recom- 
mended not only because of its complete 
coverage of the subject and easily read 
style but also because it appears to be 
the only book on the application of 
ferrites at high frequencies. 


A. W. SIMPSON 


Reports on Progress in Physics— 
Volume XXIII 


Edited by A. C. Stickland. 629 pp. 268 figs. 
Crown 4to. The ~~ =: London. 1960. 


F the ten papers in this new volume 

from The Physical Society, only two 
can be said to be of immediate interest 
to the electronic engineer. The first of 
these has the title Group Theory in Solid 
State Physics and is by D. F. Johnston 
of the Atomic Energy Research Estab- 
lishment. The paper is presented in two 
parts and is addressed to both the post- 
graduate student approaching the subject 
for the first time and the reader already 
acquainted with the principles of group 
theory. The first part is concerned with 
the abstract aspects of group theory. The 
concept of a vector space irreducible 
under a set of operators is introduced 
and then related to the many-particle 
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formalism of quantum theory. This is 
followed by a development of the cal- 
culus of the irreducible matrix repre- 
sentations of finite groups. In the second 
part, the theory of groups is applied to 
solid state problems. The topics selected 
for discussion are: the symmetry group 
of the Dirac Hamiltonian, Wigner time- 
reversal symmetry, group theory and the 
many-electron problem, and the irrreduc- 
ible representations of space-groups. 

The second paper of direct interest to 
the electronic engineer is by H. J. J. 
Braddick of the University of Man- 
chester and has the title Photoelectric 
Photometry. This paper is concerned 
with the theory and practice of photo- 
emissive cells and other photometric 
devices. Some of the known ultra-violet 
detectors and the use of the internal 
photoelectric effect in semiconductors for 
infra-red detection are described. Certain 
scientific and industrial uses of photo- 
electric photometry are explained and 
these include weak light photometry for 
astronomical purposes, multi-channel 
spectroscopy for industrial analysis, and 
some differential applications such as the 
investigation of the local magnetic fields 
over the sun’s disk using the Zeeman 
effect of selected spectral lines. 

The remainder of the volume contains 
little that would be of interest to elec- 
tronic engineers other than those work- 
ing in highly specialized fields. 

S. R. DEARDS 


Basic Ultrasonics 

By C. Glickstein. 137 pp. 120 figs. ~~ A 8vo. 

Chapman and Hall Ltd. 1960. Price 32s. 

HIS book is intended as an intro- 

duction to ultrasonics. The first 
section of the book includes a discussion 
of the general theory of ultrasonics with 
special reference to the nature of sound 
and ultrasound waves. The second 
section covers the basic types of ultra- 
sonic equipment. For this section an 
elementary knowledge of electronics on 
the part of the reader is assumed. The 
third part describes in detail the most 
important ultrasonic applications. 


Mechanical peep 


By Martin R. Redwood. - pp. 93 figs. Demy 
8vo. Pergamon Press Ltd 1g Price 50s. 


HE subject matter ‘el this book is 

indicated by the sub-title: “The pro- 
pagation of acoustic and _ ultrasonic 
waves in fluids and solids with boun- 
daries.” Interest in this subject stems 
from its relevance to the study of the 
properties of materials and to such 
diverse fields as the properties of ultra- 
sonic delay lines and seismology. The 
object of the book is to give a compre- 
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hensive account of the basic properties 
of guided waves in solids and fluids: an 
introductory chapter on_ stress-strain 
relationships is followed by detailed 
analyses of the types of wave which can 
arise in a variety of different conditions. 
This material is clearly presented and 
although essentially theoretical in charac- 
ter it is related to the available experi- 
mental evidence where appropriate. The 
bulk of the treatment refers to steady 
state propagation in isotropic materials. 
Later chapters consider the complica- 
tions which arise when transients and 
non-isotropic media have to be con- 
sidered. 

The title of the book invites compari- 
son with electromagnetic waveguides and 
it is a little surprising to find that this 
is not discussed much more fully in the 
text. There are major differences between 
ultrasonic and electromagnetic waves 
both in respect of the basic differential 
equations and of the boundary con- 
ditions. On the other hand the mathe- 
matical methods used are essentially 
similar and the great wealth of material 
available in the electromagnetic field 
should yield results of value to the 
present subject. The author has preferred 
to develop his subject in a way which 
requires no knowledge of electromag- 
netic theory: this is perhaps desirable 
for the beginner, but the serious student 
should be aware of the closely related 
work in other fields. 

Considered as a whole, the book is a 
most useful introduction to an interest- 
ing subject. It contains a lengthy list of 
references and useful appendices in 
which the key formulae are collected 
together. 


J. BROWN 


Progress in Semiconductors, Vol. 5 
Edited by A. F. Gibson. F. 


A. Kréger and 
E. Bargess. 316 pp. 129 figs. Royal 8vo. 
Heywood & Co. 1960. Price 63s. 


would have been plausible, but 
premature, if those interested in semi- 
conductors had concluded after the 
publication of Vol. 4 of this series, that 
the science of semiconductors was ‘ thin- 
ning out’, and that the more general 
aspects of semiconductors were now 
known and had been fairly described in 
previous volumes. Any person who 
thought this must have noticed his error 
when seeing the present volume. One 
could hardly pack more solid ‘meat’ 
into a book, and it could hardly be of 
better quality and presentation. This is 
a very relevant and vital book, in some 
aspects the best of the series. The editors 
are certainly to be congratulated. 
Dr. Watkins contributes a lucid and 
informative article about the electrical 
properties of semiconductor surfaces. 
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This will be of interest to both the 
physicist who wants to study semi- 
conductors, as well as the engineer who 
wants to use them in circuits. The com- 
plicated details of the absorption edge 
spectrum in germanium and _ silicon, 
which give much information about the 
band structure and other basic properties 
of these materials, are described by Dr. 
McLean, who has made a major original 
contribution to the research in this field. 
A corresponding article of magneto- 
optical phenomena by Dr. Lax and Dr. 
Zwerdling is complementary to the one 
by Dr. McLean. The various aspects of 
magneto-optical effects are not only 
enlarging an understanding of semi- 
conductors but also promise to serve as 
the background to future sophisticated 
uses of solids. 

Dr. Mooser and Dr. Pearson develop 
the fascinating story of the chemical 
bond in semiconductors and do much to 
clarify the connexion between the band 
model and the approach via the geometri- 
cal configuration of electron orbitals. 

Dr. Moss describes indium antimonide, 
the first 3-5 compound that has found 
extensive practical use. 

There are also articles on the physics 
of the thermal conductivity of semi- 
conductors and the properties of graphite 
crystals. 

The volume is thus of the greatest 
use to physicists and chemists who are 
interested in the latest and most special- 
ized aspects of semiconductor—and solid 
state physics, but the alert electrical 
engineer might find much of interest in it. 

Printing and figures are of the usual 
high standard of the series. 


K. Hose.irz 


Dictionary of Electronics 


By H. Carter. 377 +? 23% figs. Crown &8vo. 
George Newnes id. 1960. Price 35s. 


HE field of electronics has widened 

to the extent that, with the new 
terms introduced with specific branches 
of the subject, the student and even the 
scientist may find it difficult to keep up 
with the new developments. It is with 
this in mind that this _ illustrated 
dictionary is presented. 

The book gives definitions from many 
branches of electronics, including radio, 
television, communications and _ radar 
and is intended for engineers, students, 
technicians and apprentices who work 
or are interested in electronic ter- 
minology. 


The Relay Guide 


R. Anger. 383 pp. Crown 4to. Reinhold 
Pibibbing Co. and Chapman and Hall Ltd. 
1960. Price 80s. 


HIS complete’ reference includes 
virtually all published data on 
hundreds of available models of relays 
from approximately 200 manufacturers. 
The book contains 23 chapters of relay 
illustrations and descriptions according 
to relay type and includes data from the 
literature of American manufacturers of 
relays. 
Where one relay has many variations, 
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the book provides tables or lists of them 
next to the basic model. A relay which 
belongs to more than one type is classi- 
fied into the most specialized chapter in 
which it fits. The guide presents applica- 
tion data, relay circuits, arc suppression 
information, relay definitions and terms 
in addition to relay descriptions. An 
appendix presents complete information 
on relay testing techniques. 


Servomechanisms 

By P. L. Taylor. 407 pp. 248 figs. Royal Svo. 
Longmans Green and Co. 1960. Price 42s. 

SCRIBE once said, rather ‘nastily, 
that those that can, do; and those 
that can’t, teach. An invasion of books 
fluttering in on a westerly wind still with 
the faint whiff of mineograph about 
them so recently have they come from 
the lecture notes has rather brought this 
comment to mind. Now as an antidote 
comes Mr. Taylor with a book which 
is really about servomechanisms, as 
apposed to amorphous control theory 
and through whose pages speaks the 

voice of practical experience. 

The arrangement of the book is un- 
usual in that we get to page 345 before 
we hear about Nyquists Criterion of 
Stability. This is due to the fact that the 
book is mainly about servomechanism 
components; d.c. machines; rotary ampli- 
fiers; a.c. systems; motors both electric 
and hydraulic. It is only in the conclud- 
ing 100 pages concerned with analysis 
of systems. The early part of the book 
forms a gentle lead-in to the main sec- 
tions in the form of a general review 
of what one might dub, allied topics; 
data transmission, data computation in- 
cluding a brief comment on digital 
machine organization and a more exten- 
sive treatment of analogue operations. 
Simple transients by the operator D 
method allow introduction of error classi- 
fication and thence to the concept of 
feedback. At chapter six sleeves are 
rolled up and we have the author at his 
best on machines and motors, and very 
refreshing it is. We go into the highways 
and byways, Magical Magnicons and 
linear stroke motors; the lot! 

Perhaps it is a bit carping to suggest 
that an excellent section on rotary 
machines comes a bit late in the day. 
For some time now magnetic amplifiers 
have been making inroads into the terri- 
tory of the rotary amplifier; a process 
which will be hastened by the arrival 
of 4-layer semiconductor devices. Eager 
to find how the author views this in- 
trusion we turn to the next chapter on 
Static Amplifiers, but are disappointed 
to find no mention of either. 

So to the section on System Analysis, 
which has a classical introduction; linear 
systems, complex function theory for 
quality, Laplace transform, transient 
response, harmonic response. The author 
is up-to-the-minute in including the root- 
locus method; he does some worthwhile 
examples and gives his opinion of the 
relative merits of the various methods 
of analysis. The author is not a root- 
locus man. Systematic methods of design 
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Electronic 
Maintainability 


Edited by 
F. L. ANKENBRANDT 


Distributed in association with 
Reinhold Publishing Corporation 
for Engineering Publishers, N.J. 


This book, based on. the Third 
Electronic Industries Association 
Conference on Maintainability of 
Electronic Equipment, contains an 
authoritative discussion of the 
developments which have been 
changing maintainability from the 
vaguely practised art of yesterday 
to the rigorous science of today. 
The subject matter ranges from 
the maintenance problems of space 
flight to the determination of 
adequate working space for elec- 
tronic technicians. 

Illustrated 80s. net 
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using the root-locus method have been 
worked out although they are not yet 
very widely known. One should in fair- 
ness master these before making com- 
parisons. 

In conclusion this is a book with an 
individual approach to servomechanisms. 
While some of it constitutes the standard 
text the author has clearly been actively 
engaged in the practical aspects of the 
work and his examples are well chosen 
and his commentary based on experience. 
Although other books have included 
“Servomechanisms” in their title none 
have been so single mindedly or ex- 
haustively about servomechanisms. 


J. H. Westcott 


Semiconductor Abstracts 
419 pp. oy 4to.. John Wiley and Sons, 
Loadona New York. 1960. Price 946s. 
HIS book was compiled by the 
Battelle Memorial Institute and con- 
tains abstracts of literature on semi- 
conducting and luminescent materials 
and their applications. 


Basic Synchros and Servomechan- 
isms, Parts 1 and 2 


118 and 111 pp. Mediom &8vo. Lae Press 
Ltd. 1960. Price 16s each. 


iv is the purpose of these two manuals 
to describe and illustrate, in a simple 
the fundamental characteristics of 


way, 
two groups of devices, 
servomechanisms, used 
of military equipment. 


synchros and 
in many types 
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Short News Items 


Graduate Courses in Information 
Theory and Theory of Electrical Machin- 
ery will again be held in the Electrical 
Engineering Department of the Uni- 
versity of Birmingham. Both courses 
last 12 months, 1 October 1961 to 30 
September 1962, and _ students who 
already hold a first degree of an 
approved University may qualify for the 
degree of M.Sc. by examination. The 
Graduate Course in Information Engin- 
eering will be running for the fifth time, 
and on the same general syllabus as in 
1960-61. The course which for 1960-61 
was entitled “Theory of Electrical 
Machinery” will in future be known as 
“Electrical Machines: Electromechanical 
Energy Conversion and Automatic Con- 
trol”. The fee for these courses is £18 and 
application should be made to the Gradu- 
ate Supervisor, Electrical Engineering 
Department, The University, Edgbaston, 
Birmingham 15. 


The Annual Conference of the E!cc- 
tronics Group of the Association of 
Special Libraries and Information 
Bureaux will be held at Ashridge College, 
Berkhamsted from 21 to 23 April. Papers 
will be given on electronics, librarian- 
ship and information work. Among the 
speakers will be Mr. G. W. A. Dummer, 
Royal Radar Establishment, on “Modern 
developments in components for elec- 
tronic equipment”. The fee for the whole 
conference will be £7 and applications 
should be made to Mr. N. E. C. Isotta, 
Ministry of Aviation, T.I.L.2, First 
Avenue House, High Holborn, London, 
Wc.l. 


The British National Committee of 
C.LG.R.E. (Conference Internationale des 
Grands Reseaux Electroniques) has now 
moved to its new @ffice accommodation 
at the Electrical Research Association, 
Cleeve Road, Leatherhead, Surrey. 


Airfield surveillance radar for the R.A.F. 
has been ordered from Cossor Radar & 
Electronics Limited by the Ministry of 
Aviation following an extensive technical 
and operational evaluation by the Air 
Ministry and Ministry of Aviation. The 
contract covers a substantial number 
of static Cossor CR.787 installations 
for use at R.A.F. airfields in this country 
and abroad. It follows an earlier contract 
for a smaller number of the same Cossor 
equipment in mobile form. The mobile 
version, complete with its power supply 
unit, can be transported in a single air- 
craft and brought into operation within 
a few hours of landing. Much of the 
static installation will consist of dupli- 
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cated S-band transmitter/receivers and 
radar displays. The Cossor CR.787 in- 
corporates devices for the elimination of 
echoes from fixed objects such as moun- 
tains and buildings, and also achieves a 
high degree of discrimination against 
rain. 


Th BBC’s new low-power television 
station near Swingate, which shares the 
site of the Air Ministry radio station on 
the cliffs some 400ft above Dover, was 
brought into operation on 1 February. 
The new station is equipped with two 
500W vision and two 125W_ sound 
transmitters manufactured by Standard 
Telephones & Cables Limited. One 
set of equipment is a reserve for use 
in the event of a fault on the other. The 
power is the maximum that can be used 
if interference with other BBC and Con- 
tinental television stations, with which 
Dover must share a frequency channel 
in Band 1, is kept to acceptable limits. 
Like the temporary station which it has 
replaced the new station will transmit on 
Channel 2 (vision 51-75Mc/s offset by 
—675kc/s, sound 48:25Mc/s offset by 
+31-Skc/s). The transmissions will be 
vertically polarized. 


The Fourth International Conference 
on Medical Electronics is to be held at 
the Waldorf Astoria, New York, from 
16 to 21 July. The conference, which is 
combined with the 14th annual confer- 
ence on Electrical Techniques in Medi- 
cine and Biology is sponsored by the 
Joint Executive Committee on Medicine 
and Biology (IRE, AIEE, ISA) under the 
auspices of the International Federation 
for Medical Electronics. An exhibition 
will be held at the same time as the con- 
ference and will feature examples of 
scientific instrumentation, diagnostic and 
therapeutic equipment and the latest tech- 
niques in the medical electronic and elec- 
trical fields. Papers are now invited for 
presentation at the conference and intend- 
ing authors are requested to submit ab- 
stracts of 300 words for preliminary re- 
view and a summary of 50 words before 1 
April to Dr. Herman P. Schwan, Moore 
School of Electrical Engineering, Uni- 
versity of Pennsylvania, Philadelphia 4, 
U.S.A. Abstracts and summaries may be 
in English, French, German or Russian. 
Full particulars of the conference and 
exhibition may be obtained from the In- 
stitute of Radio Engineers, 1 East 79th 
Street, New York, N.Y. 


The Pakistan Posts & Telegraphs 
Department is to be supplied with a con- 
siderable amount of Marconi high power 
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radio communications equipment as a 
result of orders recently placed on this 
company by the British Government 
through the Crown Agents. The consult- 
ing engineers for the project are Messrs. 
Preece, Carde & Rider. The installa- 
tions will make a further contribution to 
improving radio communications with 
another CENTO country: last year Iran 
and Turkey were the recipients of much 
Marconi h.f. radio equipment as CENTO 
aid. The equipment now ordered com- 
prises two 30kW high frequency indepen- 
dent sideband transmitters type HSS1, 
together with their associated i.s.b. drive 
units, and five dual diversity telegraph 
high frequency receivers type HR11, and 
accessories. 


A new telephone trunk coaxial line 
system recently introduced between Ox- 
ford and Birmingham makes it possible 
to carry 2 700 telephone circuits over two 
coaxial pairs in place of the previous 
maximum of 960. As an alternative, the 
new system can carry 960 telephone cir- 
cuits and a high quality television trans- 
mission. Similar systems are now fig 
installed between London and Oxford 
and Bristol and Cardiff. At the terminal 
stations, when the line is used for tele- 
phony, the telephone channels are stacked 
into the line frequency band of 312kc/s 
to 12:34Mc/s by frequency changing. 
The signals are amplified every three 
miles along the route and at each ampli- 
fying point the gain is controlled auto- 
matically to compensate for the effects of 
changes of temperature of the cable. 
Power for the intermediate stations is 
fed along the same conductors that carry 
the speech signals. Up to 13 stations can 
be fed from any power feeding point. The 
Oxford-Birmingham route is fed with 
power from the terminal stations only. 
The voltage applied to the cable is 1 000- 
0-1 000, i.e. 1 000V wire to earth, 2 000Y 
between conductors. A comprehensive 
system of alarms ensures that any fault 
condition is brought immediately to the 
notice of the staff at the terminal stations. 
The Oxford-Birmingham and London- 
Oxford line systems were designed and 
manufactured by Standard Telephone and 
Cables Ltd, and the Bristol-Cardiff system 
by the Automatic Telephone and Elec- 
tric Co. Ltd. 


The B.BC. v.h.f. sound broadcasting 
stations at Les Platons, in the Channel 
Islands and at Londonderry in Northern 
Ireland, are now in an advanced stage of 
construction. They are two of the ten addi- 
tional stations announced in June 1959 
forming the first stage of the BBC's plan 
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for extending and improving the cover- 
age of its v.h.f. sound service, which is 
already available to 97 per cent of 
the population of the United King- 
dom. The second stage of this plan, 
providing for a further 11 v.h.f. sound 
Stations, was announced in May last 
year. Both of these new stations are 
sharing the sites and aerial towers of 
existing BBC television stations. Les 
Platans will radiate the West-of-England 
Home Service, the Light Programme, and 
the Third Programme with Network 
Three. These programmes will be received 
by radio from the North Hessary Tor 
or Rowridge v.h.f. stations, for which 
purpose special receiving aerials are to 
be installed on a 150ft tower which has 
yet to be erected. Londonderry will 
radiate the Northern Ireland Home 
Service, the Light Programme, and the 
Third Programme with Network Three. 
These programmes will be fed by Post 
Office cable from a special receiving site 
at Glenderowen where they will be 
received by radio. It is expected that both 
of these station will come into operation 
during the summer of this year. 


The Iastitute of Radio Engineers have 
elected six directors to serve on the Board 
in 1961 for a one-year term. Succeeding 
the late W. R. G. Baker, Stuart L. Bailey, 
president of Jansky and Bailey Inc., 
Washington, D.C., was elected treasurer. 
Haraden Pratt, engineering consultant, and 
Ferdinand Hamburger, Jr, professor and 
chairman of the Department of Electrical 
Engineering, The John Hopkins Univer- 
sity, Baltimore, Md., were re-elected to the 
offices of secretary and editor respectively. 
All three officers also serve as directors. 
Alfred N. Goldsmith, consulting engin- 
eer and editor emeritus of the IRE, and 
Patrick E. Haggerty, president of Texas 
Instruments Inc., Dallas, Texas, were re- 
elected as directors. Also elected as direc- 
tor was Daniel E. Noble, vice-president 
and director in charge of Communica- 
tions, Semiconductor and Military Elec- 
tronic Divisions, Motorola Inc., Scotts- 
dale, Ariz. 


More than 250 exhibitors have applied 
for stand space at the Radio and Elec- 
tronic Component Show to be held at 
Olympia, London, on 30 May to 2 June. 
The Component Show which is organized 
by the Radio and Electronic Component 
Manufacturers’ Federation will now 
occupy a floor space of more than 
70 O00ft?. 


Coventry Municipal Airport at Bagin- 
ton has recently been equipped with 
Decca type 424 airfield control radar. 
The installation of this all-weather land- 
ing aid is in anticipation of considerably 
increased traffic this summer and to meet 
BEA requirements when Coventry is used 
as an alternative for scheduled services. 
Other improvements. completed in the 
past year include a 5300ft runway, 
cathode-ray d.f. equipment and high and 
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low intensity approach lighting. Simpli- 
city of operation and maintenance, 
coupled with good all round operational 
performance, make the type 424 suitable 
as a landing aid for airports like Coventry 
where the amount of traffic, while not 
justifying the installation of costly 
ground controlled approach equipment, 
nevertheless calls for a simple and reli- 
able radar aid to monitor approaching 
aircraft and provide final approach data 
for landings in adverse conditions. 


Automatic Mail Segregating, Grading 
and Facing Equipment, similar to the 
type ordered by the G.P.O., has been 
ordered by the Canadian Post Office 
from Elliott Brothers (London) Limited, 
a member of the _ Elliott-Automation 
Group. This is the first substantial export 
order for this type of equipment. The 
equipment, which is fully automatic, 
takes the mail just as it is received from 
the posting boxes and sorts it electronic- 
ally into orderly bundles, all facing the 
same way and graded, according to size 
and class of mail, so that it is ready to 
be sorted according to its destination. 
Similar equipment, but adapted to the 
British mail, has been operating for some 
years in the Southampton main sorting 
office and will shortly be installed in 
other offices in the United Kingdom. 
Elliott-Automatioh emphasizes that full 
credit for the part they have played in 
the securing of this order must be given 
to the British Post Office and their engin- 
eers, for it is upon their pioneering work 
that this new export trade is being built 
up. 


The Tata Institute of Fundamental 
Research of India, has ordered a com- 
plete high altitude meteorological re- 
search system, including high altitude re- 
ceivers, tone generators, and trdnsmitters, 
from BEME Telecommunications Ltd, of 
Hythe, Hants. BEME Telecommunica- 
tions, who are part of the Derritron Elec- 
tronics Group, have just joined the 
Society of British Aircraft Constructors. 


The Bristol Branch of the British Com- 
puter Society is holding a one-day con- 
ference at the Engineering Department of 
The University of Bristol on 28 March 
to investigate the possibility of elec- 
tronic computing centres being set up, 
owned by, and operated on behalf of, 
groups of small member firms and 
organizations. The Conference will in- 
clude a description of a co-operative in- 
stallation, The Centre for Electronic Ad- 
ministration, which has been established 
in the Nethérlands. Particulars of the 
Conference can be obtained from Mr. 
OG. B. Chedzay, Brockholm, Cheddar 
Road, Axbridge, Somerset. 


The Sixth International Instrument 
Show sponsored by B. & K. Laboratories 
Ltd, 4 Tilney Street, Park Lane, London, 
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will be held at the Company's office from 
19 to 23 June. Fifty exhibitors from ten 
countries will be participating in this 
Exhibition which will cover an area of 
2 500ft?. 


British Railways are installing elec- 
tronic computers at Stratford and Don- 
caster, the two main workshop areas in 
the Eastern Region. The computers will 
be used to provide detailed stock data 
for some 90000 different items and also 
for the wage calculations for about 
10000 employees in the Stratford and 
Doncaster workshop areas. The installa- 
tions, which consist of one type 555 
Plugged Program Computer at each 
centre, are being| supplied together with 
their tabulators, etc., by International 


Computers & Tabulators Ltd. 


An Anglo-American agreement has 
been effected between Microcell Ltd and 
Emerson & Cuming Inc. for the sale and 
distribution in the U.K. of the American 
company’s range of plastics designed 
specifically for the electronic industry. 
The range includes energy absorbing 
materials for the v.h.f., u.h.f. and micro- 
wave bands, plastic and ceramic foams 
with known dielectric constants, casting 
resins, a passive reflector of radar energy 
and a lead loaded nuclear radiation 
shielding material. 


Lancashire Dynamo Electronic Pro- 
ducts Ltd of Rugeley, Staffordshire—a 
member of the Metal Industries Group— 
has concluded a licence agreement with 
the Emerson Electric Manufacturing Co. 
of St. Louis, Missouri, under which the 
American company will have the right 
to manufacture in the United States on 
a royalty basis the former company’s 
range of industrial electronic control 


equipment. 


The Electronic Computer Exhibition 
will be held at Olympia from 3 to 12 
October 1961 and in conjunction with 
it will be a Business Computer Sym- 
posium, from 4 to 6 October. The 
Exhibition and Symposium, which are 
organized jointly by the Electronic Engin- 
eering Assooiation, and the Office Appli- 
ance and Business Equipment Trade 
Association, will have as a theme ‘ The 
Work of the New Generation of Com- 
puters’. 


The National Aerospace Electronics 
Conference will be held in Dayton, Ohio, 
U.S.A., from 8 to 0 May 1961. The Con- 
ference is sponsored by the Professional 
Group on Aeronautical and Navigational 
Electronics and the Dayton Section of 
the IRE with participation by the Insti- 
tute of Aerospace Sciences. Further de- 
tails of the conference can be obtained 
from, 1961 NAECON Publicity, 4663 
Hedgewood Avenue, Dayton 16, Ohio. 
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Electronic Equipment at 


THE PHYSICAL SOCIETY EXHIBITION 


A description, compiled from information supplied by the manufacturers, of a small 
selection of the electronic equipment, exhibited at the 45th Physical Society Exhibition, 


(Voir page 191 pour la traduction en frangais ; 


ADVANCE COMPONENTS LTD 

Roebuck Road, Hainaslt, Hford, Essex 
SOUND SPECTROMETER 

(lustrated below) 

The Advance sound spectrometer is an 
accurate, stable, lightweight instrument 
with its own battery power supply, and 
completely self-contained. This instru- 
ment is of advanced design and is suit- 
able for sound measurement problems 
and analysis. With the built-in octave 
band filters, rapid analysis of noises 
having complex spectra is possible. It 
can also be used with a suitable vibra- 
tion pick-up for vibration analysis in the 
audio frequency range. The SPM.1 is 
particularly suited for noise measure- 
ments of aircraft, vehicles, machinery, 


and for the analysis of office noise, where 
the speech interference level is a signi- 
ficant factor. 

The instrument consists of a very small 
crystal microphone; a six-stage ampli- 
fier, stabilized by heavy negative feed- 
back; 8 band-pass filters, which can be 
switched in at choice and a moving-coil 
meter with a decibel scale. An attenua- 
tor is built in with 5 steps of 10dB cover- 
ing a range of 30 to 80dB, with an addi- 
tional attenuator of 3 steps of 20dB 
covering a range of 0 to 60dB. Includ- 
ing the meter reading the total range of 
the apparatus is from 20dB to 150dB 
relative to the standard sound pressure 
reference level of 2 x 10-*ub (=2~x 10° 
N/m’). Sounds with frequencies in the 
range from 20c/s to 12kc/s can be 
measured, with the aid of the built-in 
filter, analysed into octave bands. The 
condition of the built-in batteries can be 
tested with the moving-coil meter. 


EE 31 751 for further details 


AIRMEC LTD 
High Wycombe, Buckinghamshire 
HIGH SPEED OSCILLOSCOPE 
(llustrated above right) 
The type 294 oscilloscope is a versa- 
tile laboratory instrument, its wide range 
of sweep speeds and the wide frequency 
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held in London from 16-20 January. 


response (d.c. to 50Mc/s) and short rise- 
time of the Y amplifier making it suit- 
able for high speed pulse applications. 
Accurate calibration of the time-bases 
and deflexion amplifier, the provision of 
time and voltage markers, and compre- 
hensive sweep delaying and triggering 
facilities make the instrument suitable 
for general laboratory measurements. 
Pulse outputs synchronized to the in- 
ternal time-bases facilitate operation in 
conjunction with complex electronic 
equipment, and a_ single-shot sweep, 
variable edge-lighting of the graticule, 


and switched alternative p.d.a. potentials 
provide for ease in photography of the 
trace. Illuminated beam-position indica- 
tors and colour-coded logically-sited 
controls further make for simple and 
foolproof operation. 

The complete equipment, developed 
by a well-known French company and 
manufactured under licence by Airmec, 
consists of the display unit mounted at 
an angle for easy viewing on a tubular 
steel trolley, fitted with castors and 
carrying the power unit in its base. 


EE 31 752 for further details 


CAWKELL RESEARCH 
& ELECTRONICS LTD 
Scotts Road, Southall, Middlesex 
TELEVISION STORAGE OSCILLOSCOPE 
(Illustrated above right) 

The Tele-Remscope is a new type of 
picture monitor for use with closed cir- 
cuit television systems. Its main feature is 
that the picture may be ‘ frozen,’ at’any 
time, simply by depressing a button or 
by operating a switch. 
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The Tele-Remscope will operate on 
405, or 625 lines, 50 fields/sec or 525 
lines, 60 fields/sec, and requires a posi- 
tive-going 1°5V video input. Any num- 
ber of fields from 1 to 4 may be stored 
and displayed for up to 15 minutes on 
the face of an English Electric E702 
storage tube. The screen is 10cm in dia- 
meter and a yellow/green (P20) fluores- 
cence is produced. 


EE 31! 753 for further details 


DAWE INSTRUMENTS LTD 
99-101 Uxbridge Road, Ealing, 
U.L.F. Noise GENERATOR 

(Illustrated below) 

The u.lf. noise generator type 418 
provides electrical noise with a frequency 
spectrum uniform to within +0°5dB from 
0 to 200c/s. 

The noise source in the instrument is 
a thyratron valve giving electrical noise 
uniform in spectrum in the audio fre- 
quency range. The noise output is passed 
through a relatively wideband filter 
centred at 2kc/s to a modulator circuit 
where it is mixed with the output from 
a local, fixed frequency oscillator operat- 
ing at 2kc/s. 

The output from the modulator is 
passed through a low-pass filter to 
eliminate the high frequency modulation 
products. The low frequency signal is 


Londons, W.5 
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amplified in a d.c. coupled amplifier with 
a low impedance cathode-follower out- 
put feeding the output terminals and an 
indicating meter. The meter is calibrated 
to read r.m.s. values of random noise. 
The output level is continuously adjust- 
able by a potentiometer varying the gain 
of the amplifier. High stability of the set 
output level and low dc. drift are 
obtained by using stabilized high and 
low tension supplies and a generous 
amount of negative feedback in the 
amplifier. The wide dynamic range of 
the amplifier ensures random amplitude 
distribution with negligible clipping of 
the waveform up to the full rated output. 


EE 31 754 for further details 


L.F. OSCILLATOR 
(llustrated below) 

The type 444 automatic Lf. sweep 
oscillator fulfils the need for a low dis- 
tortion resistance-capacitance tuned oscil- 
lator covering 5c/s to Skc/s, in a single 
range. The oscillator provides constant 
voltage output and the frequency scale 
calibration is truly logarithmic, The fre- 
quency sweep control is driven by a self- 
contained motor arranged to give various 
sweep rates between any desired fre- 


AUTOMATK 


quency limits. The direction of frequency 


sweep can te set to reverse automatic- 
ally at the limiting frequencies. Alterna- 
tively it can be reversed or the sweep 
stopped at any instant by remote control. 

Essentially the circuit consists of a 
frequency controlling bridge feeding a 
balanced push-pull amplifier with a 
cathode-follower output. 

The frequency controlling network 
consists of a modified form of Wien 
bridge in which the resistive arms have 
been replaced by complex resistance- 
capacitance networks. These extend the 
constant phase shift frequency range 
over a ratio of 1000:1 with a 10:1 
capacitance ratio of the tuning capacitor. 
The tuning capacitor has a rotor shaft 
which can turn continuously and has 
been specially designed to provide a 
truly logarithmic scale calibration. 

A motor drive and gearbox provide six 
sweep rates between 0:2 and 10 octaves 
per minute and adjustable limit switches 
are arranged so that the frequency can 
be swept through any part of the range. 

The sweep can also be controlled by 
means of the remote control assembly 
type 444/1. The frequency can be swept 
forward or reversed or the sweep stopped 
at any instant. Alternatively the fre- 
quency dial can be set by hand, to any 
desired frequency. 


MARCH 1961 (m)(N) 


The signal from the bridge is fed into 
the balanced push-pull amplifier which is 
directly coupled to the cathode-follower 
stage. Negative feedback is applied from 
the cathodes of the output stage to the 
grids of the amplifier valves. A thermally 
sensitive resistance element is incorpor- 
ated in the resistive arms of the bridge 
to stabilize the amplitude of oscillation 
at a level within the linear range of the 
balanced amplifier. This, together with 
the large amount of negative feedback 
at harmonic frequencies, ensures good 
stability and low distortion of the output 
sine wave. 

Within the overall negative feedback 
loop a controlled amount of positive 
feedback is applied over the out- 
put stage alone, to reduce its ouput 
impedance virtually to zero. The output 
terminals are fed from a two gang 
potentiometer connected to the cathode- 
follower outputs. 

Push-pull outputs of up to 12V into 
10k{2 are available at the output termi- 
nals. The output levels are continuously 
variable from maximum to zero. 

EE 31755 for further details 


DYNATRON RADIO LTD 
Maidenhead, Berkshire 
NUCLEAR TEST SET 

The test set type N1IO7 comprises a 
combined pulse generator and measuring 
oscilloscope and is designed to provide 
the necessary services for maintenance of 
the commonly used instruments in the 
nucleonic field, e.g. pulse amplifiers, dis- 
criminators, scalers, ratemeters and 
pulse height analysers. A master multi- 
vibrator controls the pulse recurrence 
frequency of the pair of pulses 

The master pulse recurrence frequency 
signal triggers (1) a pulse width venera- 
tor, and (2) a sawtooth run down stage. 
The fixed pulse generated in (1) is ampli- 
tude limited and then fed to an ampii- 
tude control pair, enabling positive go- 
ing or negative going pulses to be 
chosen. A double cathode-follower feeds 
either the output terminal of the test set 
or a further attenuator. The sawtooth 
initiated in (2) provides an X sweep for 
the oscilloscope X amplifier, and also 
feeds into an amplitude gate. When the 
sawtooth crosses the gate level (set by 
pulse separation control) a pulse width 
generator, similar to (1), produces the 
moveable (second) pulse, which receives 
the same treatment as the first (fixed) 
pulse, i.e. limited, fed to an amplitude 
control pair and on to the output 
cathode-followers. The full action of the 
pulse generator provides a pair of pulses, 
positive going or negative going, inde- 
pendently controllable in width and 
amplitude, with variable separation be- 
tween them. If not required, either the 
fixed pulse, or the second movable pulse 
can be switched off. 

The unit is completed by a Y ampli- 
fier, switched to enable a wideband res- 
ponse at medium gain, or a high gain 
over a restricted bandwidth. Amplitude 
is measured by a Y shift meter system 


EE 31 756 for further details 
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E.M.L ELECTRONICS LTD 
Hayes, Middlesex 
HicH GAIN AMPLIFIER 

The high gain amplifier type 7/5 is one 
of a range of plug-in sub-units produced 
for use with the W.M.16 oscilloscope. 

It offers all the facilities provided by 
the wideband amplifier 7/1 and, in 
addition, the gain can be increased by a 
factor of 10, under a.c. coupled con- 
ditions, to give a maximum sensitivity 
of SmV/cm at reduced bandwidth. 

The high gain amplifier fits into the 
front panel receptacle of the W.M.16 
and all necessary supplies are derived 
from the main oscilloscope. 

A three-position input selector switch 
provides the following bandwidth- 
sensitivity combihations: 

D.C.: Rise-time 10myusec; bandwidth 
d.c. to 40Mc/s; sensitivity 50mV/cm to 
20V/cm in nine switched and calibrated 
ranges. 

A.C.: Rise-time 
3c/s to 40Mc/s; sensitivity 
20V/cm. 

A.C. x 10: Rise-time 1l6musec; sensi- 
tivity SmV/cm to 2V/cm in nine switched 
and calibrated ranges; input time- 
constant 0-05sec. 

EE 31 757 for further details 


10myusec; bandwidth 
50mV/cm to 


DIFFERENTIAL AMPLIFIER 
(Illustrated below) 

The differential amplifier type 7/6 is 
another plug-in unit for the W.M.16 
oscilloscope and provides facilities for 
viewing two inputs either separately or 
differentially, either a.c. or d.c. coupled. 
Amplitude measurements can be made 
by dial or graticule, except when input B 
is being used on dc. In this position 
measurement by graticule is provided. 

Each channel has separate attenuators 
permitting a variation in sensitivity of 
50mV/cm to 20V/cm in nine ranges. A 
fine gain control is provided which per- 
mits continuous adjustment between 
attenuator settings. 

The bandwidth is d.c. to 25Mec/s or 
4c/s to 25Mc/s and the rise-time 16musec. 
The rejection ratio is better than 100: 1 
over the pass-band dc. coupled and 
better than 100: 1 from 10c/s to 25Mc/s 
when a.c. coupled, at full gain. 


EE 31 758 for further details 
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ELECTRONIC TUBES LTD 
Kingsmead Works, High Wycombe, 
Buckinghamshire 


STORAGE PHOSPHORS 

A demonstration showed the proper- 
ties of a normal cathode-ray tube when 
fitted with a new screen material. 

As the screen is first excited there is 
a blue fluorescence similar to that of a 
normal, two layer, long afterglow phos- 
phor. Following this there is an after- 
glow of comparable length to that 
obtained with the two layer phosphor, 
except that the afterglow of this screen 
is green in colour. 

Even after the afterglow has com- 
pletely died away, however, further in- 
formation can be obtained from this 
screen. A certain amount of energy 
remains stored within the phosphor 
where it has been excited, and this can 
be released with the aid of infra-red 
illumination. The visual intensity of the 
stored image is dependent upon the 
intensity of the infra-red source, and so 
is the time available for viewing before 
this image is erased. As a specific amount 
of energy is available for release, increas- 
ing the infra-red source intensity decreases 
the viewing time and vice versa. 

A further useful feature is that the 
stored image need not be viewed to 
extinction in one operation. Several brief 
viewings can be taken in succession, if 
necessary spaced some minutes apart. 

Naturally with a storage mechanism 
such as this, the stored energy is directly 
dependent upon the energy of excitation. 
As the storage efficiency is relatively 
poor its use at high writing speeds is 
impossible. Neither is it recommended 
for use in conjunction with low voltage 
tubes, due to the low energies involved. 


EE 31 759 for further details 


ELLIOTT BROTHERS (LONDON) 
LTD 


Century Works, Lewisham, London, $.E.19 

Automatic Circurr CHECKING 
EQUIPMENT 
(Hlustrated above right) 

This equipment has been designed to 
facilitate the routine checking of com- 
plex cableforms, or similar constructions, 
completely automatically by program- 
ming the test requirements into the 
machine. 

The model demonstrated is capable of 
carrying out the following tests, with up 
to 600 terminations. Each termination is 
checked against every other termination. 

(1) Resistance 0 to 10002. 

(2) Continuity not greater than 0-52. 

(3) Insulation between lines greater 
than 20M2. 

(4) Insulation to earth greater than 
20M”. 

Any of the above tests can be called 
up for any particular pair of termina- 
tions by a predetermined programme. 
The instructions are ‘written’ on lin 


magnetic tape in sympathy with a cable. 


or termination schedule which applies 
to the equipment under test. The equip- 
ment is connected to the A.C.CE. in a 
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standard numerical sequence which co- 
incides with the termination schedule and 
programme numbering. 

The number of possible combinations 
with 600 terminations is 180 300. Only 
120in of tape are needed to accommo- 
date all possible programme material. 

Subsequent development will enable 
the machine to check almost any elec- 
tronic/electrical assembly with a mini- 
mum of work. An automatic fault 
recorder, in the form of a coded print- 
out, is under development. 


EE 31 760 for further detail; 


STANDARD FREQUENCY RECEIVER 

This instrument is designed to receive 
the Droitwich 200kc/s standard trans- 
mission which is correct to within 
approximately 20 parts in 10° and has 
the added advantage that it is compared 
almost daily, at 10.30 G.M.T., with the 
National Physical Laboratory’s caesium 
resonator. The output of this unit is com- 
pletely unaffected by modulation. 

The standard frequency monitor unit 
produces the following frequencies from 
a high impedance source: sine waves of 
5V_ peak-to-peak at 50,100,200 and 
400c/s and 20 and 200kc/s; square waves 
of 2V peak-to-peak at 50,100,200 and 
400c/s. 

Other multiple low frequencies can be 
supplied on request except in the case of 
the 200kc/s and 20kc/s outputs. 

Two variable gain amplifiers, which 
can be switched to any of the low fre- 
quency sources, enable other power 
apparatus to be driven. This output is 
up to 20V rms. A monitoring loud- 
speaker is also provided. 

EE 31 761 for further details 


RATIO-INDICATING AMPLIFIER 
(Illustrated above right) 

This is a selective amplifier in which 
the gain can be controlled by means of 
an electrical potential. The amplifier is 
followed by a bridge rectifier and in- 
dicating meter. 

By means of an external switch cir- 
cuit. the rectified output can be fed back 
through a d.c. amplifier to control the 
gain of the system. The meter indication 
will be constant within | per cent for a 
range of input voltage of over 50dB when 
the switch is closed. If the switch is then 
opened, the amplifier gain is held sub- 
stantially constant for a considerable 
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length of time, by means of a circuit 
having a time-constant of the order of 
half an hour. Any change in the level 
of the input signal will then be regis- 
tered on the meter. 


EE 31 762 for further details 


MULTI-CHANNEL TAPE RECORDER 
(Illustrated below) 

This instrument incorporates a tape 
transport system using dual capstans and 
take-up assemblies. Five tape speeds are 
available, selected by push-button con- 
trols, and at 30in/sec it is possible to 
handle frequencies up to 75kc/s. 

A maximum recording time of nearly 
three days is available using sixteen 
tracks on lin thin-base tape at I{in/sec. 
Automatic reversal is accommodated py 
duplication of record and playback heads, 
five plug-in heads are standard equip- 
ment. Good wow and flutter charac- 
teristics are achieved by the design of 
the tape transport mechanism and the 
dual capstan drive isolates all tape in 
contact with the heads from disturbances 
which may be introduced via the take-up 
and take-off reels. 

The equipment is fully transistorized, 
extensive use being made of printed cir- 
cuits. Both direct recording and f.m. 
facilities are provided by modular plug- 
in units, and remote control facilities are 
provided for all functions. Principal 
applications of the recorder are in the 
guided weapon and aircraft fields for 
recording telemetered data and for the 
flight test role. 


EE 31 763 for further details 


ENGLISH ELECTRIC VALVE 
co. LTD 
Chelmsford, Essex 

HiGH GAIN IMAGE INTENSIFIER 

This high gain image intensifier tube 
comprises an input photo-cathode, five 
secondary emitting dynodes and an out- 
put fluorescent screen, and is operated 
in conjunction with its focusing solenoid, 
input and output optical systems and 
power supplies. 
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EE 31 115 for further details 


NEW B9A EFFICIENCY DIODE 


EDISWAN MAZDA U193 


The U193 is a new Efficiency Diode, designed for use in line 
deflection stages of television receivers using 110° and 114 
cathode ray tubes and has a maximum peak heater to cathode 
voltage rating of 5.5 kV as compared with 5 kV for the U191. 

The valve is mounted on a B9A (noval) base with the cathode 
brought out to a top cap connection. 


MAXIMUM DIMENSIONS (mm) 


Diameter 22.2 
Seated Height 75 
Overall Length 82 


TENTATIVE RATINGS AND DATA 


Heater Current (amps) In 0.3 
Heater Voltage (volts) Vn 19 


Maximum Design Centre Ratings 


Mean Anode Current (mA) I, (ov) max 150 
Peak Anode Current (mA) ia (pk) max 450 
Peak Inverse Voltage (kV) PIV (max) » Be ag 
Peak Heater to Cathode Voltage 
(heater negative) (kV) Vi—kisnax 5.5* 
* Rated for TV line scan where the duty cycle does not exceed 
15% and the pulse duration does not exceed 15ys. An absolute 
rating of 6.6 kV must not be exceeded. 


Inter-Electrode Capacitances (pF) 
Anode to Heater and Cathode Ca—h, k 6.6 
Cathode to Heater and Anode Ck—h, a 7.9 
Characteristic Curve of Average 
APPLICATION NOTES Ediswan Mazda Valve Type U193 
The Ediswan Mazda U193 is designed specifically for use as 
the efficiency diode in line deflection stages of television re- 
ceivers using 110° and 114° cathode ray tubes. It would normally 
be used in conjunction with line scanning output valves such as 
the 30P4 and 30P19 in energy recovery types of line scanning 
circuits in a.c./d.c. television receivers. The heater may be 
y connected in the normal series chain as the insulation 
between heater and cathode is adequate to withstand the pulse 
voltages encountered in auto-transformer scanning circuits. 
This high voltage insulation generally results in high thermal 
inertia of the cathode, giving a much longer heating time than the 
remaining valves in a television receiver. In the U193, however, 
the thermal inertia has been reduced considerably so that there 
is only a delay of a few seconds between the warm-up of other 
valves in a receiver and the start of operation of the line scanning 
circuits. Besides reducing the waiting time for a picture to appear, 
this factor also alleviates problems of protection of valves where 
a line-gated system of automatic gain control is used. 
See “Aspects of Design No. 20 (“Wireless World’ March 
1960)—Efficiency Diodes for TV Line Output Stages” for 
notes on circuit considerations and limiting ratings. 
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EE 31 119 for further details 


Blaude Lyons 


COMPACT SERIES ASR & ATC. ASR-1150 


Ingenious step principle. Small, light, inexpensive. Designed to 
provide adequate stabilisation for many applications, without 
distortion. 600 VA to 2-4 kVA. Normal or tropical finish. 


AC AUTOMATIC sae i 


PRECISION ELECTRONIC SERIES BAVR. 
Extremely rapid response. Very high accuracy of +0-15°%. 
Models for ratings of 200, 500, & 1000 VA. Normal or tropical finish. 


VOLTAGE REGULATOR 


HIGH-SPEED DISTORTIONLESS SERIES TCVR. 

For precision equipment, computers, etc. Accuracy -+-0-5%. 

Very high correction rate of 40 volts/sec. Large range, 2-2 to 

12:7 kVA single-phase, 6-5 to 38:2 kVA three-phase. Cabinet or 
rack-mounting models. Normal or tropical finish. Can be made to 
Services’ specifications, etc. 


7:7 kVA 
TCVR-7000-AR 


AND STABILISERS “"™ 


DISTORTIONLESS SERIES BM & BMVR. 


Wide industrial and laboratory applications. Accuracy +-0-5%. 

Very large range, 1-8 to 31-2 kVA single-phase, 6-5 to 94 kVA three- 
phase. Many models for rack-mounting. Normal or tropical finish. 
Can be made to Services’ specifications, etc. 


200 VA TO 94 KVA 


Operation of all types independent of wide 


variations in frequency. 94 kVA 


Speciai models manufactured to customers’ BM-751-C 
quantity requirements. (covers removed) 


Write for complete 
information. 


STABILISER DIVISION 


VALLEY WORKS - HODDESDON -: HERTS - TEL: HODDESDON 4541-6 
CL 6o'tA 
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The image to be intensified is focused 
on the photo-cathode at one end of the 
tube, and the photo-electrons are accele- 
rated and focused on to the first thin 
film dynode. Secondary electrons, five or 
six to each primary, are emitted from the 
other side of the dynode and these are 
in turn accelerated and focused to the 
second dynode. This process is repeated 
at each dynode, and the secondaries 
emitted from the final dynode are 
accelerated on to a fluorescent screen to 
produce an intensified replica of the 
original weak light image. 

Tubes have been made giving a photon 
gain of 100000 to 200 000 a gain of 7000 
being provided by the five stages of 
secondary electron multiplication and the 
remainder arising from the bombardment 
of the output fluorescent screen. 

The usable diameter of the thin film 
dynodes is lin. If desired, the picture 
may be reduced in size between the 
photo-cathode and the first dynode, so 
that the diameter of the input picture 
need not be limited to lin. Similarly 
a larger picture may be formed on the 
screen if required. 

EE 31 764 for further details 


BISTABLE STORAGE C.R.T. 

A new approach to the design of the 
storage target assembly has been used 
in the E710 bistable direct view storage 
tube. The use of the new technique 
involves far less risk of damage to the 
assembly should a high beam current 
be applied accidentally and so_ the 
associated circuits can be simplified. 

This tube will store information in- 
definitely and allow the continuous or 
intermittent display of the stored wave- 
form. Two or more signals can be stored 
and simultaneously displayed and in- 
stantly erased when no longer needed. 

The E710 has a writing gun, electro- 
statically deflected and focused, which 
deposits a charge pattern on the storage 
mesh, the spot diameter being approxi- 
mately 0°010in. A second gun, which 
floods the storage mesh continuously, 
maintains this signal and displays it on 
the phosphor. 

EE 31 765 for further details 


MARCONI INSTRUMENTS LTD 
St. Albans, Hertfordshire 
Low FREQUENCY GENERATOR 


(Illustrated above right) 


new generator delivers any of 
three switch selected waveforms—sine, 
square, or ramp, and is continuously 
variable over the frequency range 
0-0033c/s to Ikc/s. This frequency range 
is covered in five overlapping bands. A 
built-in relay with heavy-duty change- 
over contacts wired to the front panel 
is Operated by the square wave output at 
frequencies of up to lIc/s; this enables 
external devices to be switched on and 
off in a cyclic manner at the operating 
frequency. 

The usefulness of this instrument as 
a timer is greatly increased by the pro- 
vision of facilities for ‘single-shot’ 


This 
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operation, The timing cycle is initiated 
by a switch on the front panel, by an 
externally-generated pulse, or by external 
shorting contacts. 

The TF 1382 employs an 
tional method of sine 
in that the waveform is electronically 
synthesized. The basic waveform is a 
sawtooth or ramp, which is available as 
one of the output waveforms. Rectifica- 
tion of the sawtooth produces a trian- 
gular waveshape (not available as an 
output). The triangular wave is then 
shaped by a circuit using Zener diodes 
which modify the waveform to produce 
a sine wave. The square wave output 
is derived from the triangular waveform 
via a bistable switching circuit 

EE 31 766 for further details 


unconven- 


wave generation 


SUPPRESSED-ZERO VOLTMETER 
(illustrated below) 

The TF 1377 is a potentiometric slide- 
back voltmeter for measuring absolute 
voltages up to SOOV d.c. and changes as 
low as ImV in the source under test 
It can also be used as a conventional 
differential voltmeter with a range of 
+ImV to +SO0V. 

In the slideback or 
mode of operation, the source voltage 
is backed off against a potentiometer- 
controlled internal d.c. supply, using the 


suppressed-zero 


centre-zero meter as nuil indicator. The 
absolute voltage of the source is in- 
dicated by the digital read-out of the 
potentiometer, and subsequent variations 
in voltage are shown on the meter. Small 
changes in large voltages can thus be 
measured with exceptional discrimina- 
tion, accuracy and ease, avoiding the 
inconvenience of using complicated 
arrangements of external batteries for 
backing off the standing voltage. 

In the differential mode the potentio- 
meter is switched out of circuit, and 
small unknown voltages are indicated 
directly on the meter. 

The instrument allows rapid accurate 
measurement of a wide range of d.c 
voltages in the laboratory, production 
line, or in the field. Its precision incre- 
mental measurement system is particu- 
larly suitable for many applications such 
as regulation and stability tests on d.c. 
voltage sources; temperature coefficient 
measurements on semiconductors, re- 
sistors, etc.; diréct strain-gauge tests; 
calibration of resistance thermometers 
and piezo-electric transducers; and regu- 
lation of generators. Rectifier probes are 
available to extend its usefulness to 
audio and r.f. measurement. 


EE 31 767 for further details 


MORGAN CRUCIBLE CO. LTD 
Battersea Church Road, London, §.W.11 
WAVEGUIDE Loaps 
These loads are designed to enable a 
radar station to * stand-by’ or ‘test’ on 
full power without transmitting a signal 
by which it can be detected, and without 
interference to other stations. Unlike 
previous materials used for this purpose, 
*Termilode* which is based on silicon 
carbide can dissipate kilowatts of energy 
The temperature limitation is set more 
by ionization of gas in the waveguide 
than by the material of the load. 1000°C 
will give a satisfactory performance. The 
various designs shown (with overall 
lengths varying from a few inches to 
several feet) are intended for air or 
liquid cooling. Dissipation up to 8kW 
has been achieved by water cooling. 
EE 31 768 for further details 


MUIRHEAD & CO. LTD 
Beckenham, Kent 
RECORDING WAVE 


AUTOMATK ANALYSER 


(Illustrated on page 188) 

This instrument is for the automatic 
analysis and graphic recording of all 
types of noise and vibration signals from 
‘live’ or magnetic tape recorded sources. 
The equipment performs amplitude/ 
frequency analyses of steady signals and 
amplitude /frequency/time analyses of 
non-steady (time-varying) signals and is 
fully automatic over the entire frequency 
range of 10c/s to 19kc/s. To save time, 
the equipment can be made to scan only 
part of this frequency range if required. 
Three degrees of selectivity (4 octave, 
5 per cent and 1-5 per cent) are avail- 
able and in each case the percentage 
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bandwidth is constant at all frequencies; 
discrimination against unwanted frequen- 
cies is high. The maximum frequency 
error on thé pre-printed output record 
paper does not exceed | per cent. Input 
signals can be in the range 102V to 
300V and with the input attenuator set 
for ‘automatic operation a dynamic 
amplitude range of up to 70dB can be 
handled. 

EE 31 769 for further details 


NASH & THOMPSON LTD 
Heok Rise, Tolworth, Surrey 
DiairaL READ-OUT METER 
(illustrated below) 


Designed to bridge the gap between 
the conventional moving-coil meter type 
of presentation and the more expensive 
digital voltmeters the new Nashton 
digital voltmeter provides an efficient and 
economic compromise. The press-to-read 
switch on the front panel operates the 
self-balancing bridge which is electro- 
mechanically linked to the indicator unit. 
The usual changes of digital readings 
take only a second or two and the 
counter requires 10sec to traverse its 
range. The equipment is made in two 
separate units mounted into a Nashton- 
major box. The digital unit is on the 
left-hand side and the functional unit, 
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i.e., the voltmeter section, is on the right. 
The read-out is a mechanical counter 
with three digits jin high. Voltage ranges 
are 1-00 to 9-99, 10-0 to 99-9 and 100 to 
999, the accuracy being to better than 
+12 per cent of actual reading +1 
digit. Right-hand units for resistance and 
capacitance are also available. Remote 
operation of the meter is possible. 


EE 31 770 for further details 


G. V. PLANER LTD 
Windmill Road, Sunbury-on-Thames, Middlesex 
MILLIMICROSECOND PULSE GENERATOR 
(Illustrated below) 

This equipment has been designed 
primarily for switching-time determina- 
tion in memory stores, e.g. of the thin 
alloy film type. 

The pulse range covered extends from 
2 to 200musec, the output being suitable 
to drive switching elements requiring 
currents of up to 13A. The output volt- 
age can be varied from 1kV to below 
lV. 

The test specimen is mounted in a 
plug-in transmission measuring head 
with a suitable pick-up loop. The 
generator is designed to be operated 


with positive or negative outputs at a 
pulse repetition frequency of 50c/s, or 
with positive and negative outputs in 
varying ratios to enable switching or 


non-switching to be observed simul- 
taneously. Suitable oscilloscope points 
and a synchronizing output pulse are 
provided. The equipment is operated 
from 230V, 50c/s. 

The generator can be used in conjunc- 
tion either with a high speed or labora- 
tory type oscilloscope. 

EE 31 771 for further details 


Hysteresis Loop Test GEAR 
(Illustrated above right) 

This apparatus is designed for the dis- 
play on a cathode-ray oscilloscope of 
hysteresis loops, and the determination 
of coercivity and remanence, of mag- 
netic materials. The instrument has been 
developed for the testing of magnetic 
coatings and in particular of magnetic 
recording tape; it is also suitable for 
evaluating magnetic alloys, etc., in thin 
film, strip or wire form. 

The equipment comprises a calibrated 
low noise amplifier and three alternative 


188 


measuring heads with their correspond- 

ing power supply units to cover the 

ranges : 

(a) 50 to 2000 oersted. A grain oriented 
steel magnetic circuit with two pick- 
up coils in the uniform field position 
is used to make up this head, de- 
signed for measurement on magnetic 
recording tape, magnetic steels, etc. 

(b) 0 to 150 oersted. The head consists 
of a Helmholtz coil arrangement, 
for the examination of plane film 
memory stores. 


(c) 0 to 10 oersted. The head uses a 
single turn drive winding and a 
single turn pick-up winding, suitable 
for measurements on toroidal films. 

The equipment is used with a standard 

oscilloscope (e.g. Cossor type 1049). 


EE 31 772 for further details 


W. G. PYE & CO. LTD 
Granta Works, Cambridge 
INDUSTRIAL PH AMPLIFIER 
(Illustrated below) 

This instrument utilizes a circuit which 
is essentially a carrier type d.c. amplifier 
employing a capacitor modulator, carrier 
amplifier and a phase sensitive de- 
modulator with a high degree of overall 
negative feedback. This provides a high 
degree of stability with almost perfect 
linearity, while normal supply voltage 
variations give practically no change is 
zero setting or sensitivity. Owing to the 
absence of any input current, it is pos- 
sible to use the most robust glass elec- 
trodes since their very high resistance 
does not introduce any errors in linearity; 
this is particularly important when 
operating over a wide range of tempera- 
ture. The sensitivity is high (1002A/pH) 
and therefore several external recorders, 
indicators, controllers and alarm systems 
can be operated from the same amplifier 
and, if necessary, they may be situated 
some distance awaf. 
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The instrument provides 
automatic temperature 
over the range 0 to 100°C and the 
standard instrument covers measure- 
ments between 2 and 12pH. 


EE 31 773 for further details 


complete 
compensation 


A.C. BRIDGE AMPLIFIERS AND POWER 
UNIT 
(Illustrated below) 

This equipment is manufactured to the 
design of R.A.E. Farnborough. It is 
fully transistorized and employs printed 
circuits for compactness and ease of 
production. 

Amplifier type IT 1-13-51 is designed 
for use with push-pull inductance 
accelerometers and contains the inte- 
gration circuits required to record ‘ dis- 
placement’ by means of oscillographs, 
galvanometers or frequency modulation 
tape recorders over the range of 5 to 
100c/s. 

Amplifier type IT 1-12-51 is designed 
for use with resistance strain gauges and 
contains bridge resistors of extreme 
stability and matched temperature co- 
efficients. This unit also records *‘ dis- 
placement’ by means of oscillographs, 
galvanometers or frequency modulation 
tape recorders and it covers a frequency 
range from zero to approximately Ikc/s. 

Power unit type IT 1-13-52 contains 
the power supply circuits for six of 
either or both of the above types of 
amplifier and also provides the carrier 
frequency signal for excitation of the 
transducer bridges and demodulation of 


the six amplifiers. The carrier frequency 
is either 2kc/s or 3ke/s, the changeover 
being affected by means of an internal 
link. 

The units operate from a normal air- 
craft d.c. supply of 27 to 29V. Meter 
units for both type of amplifier are also 
available. 

EE 31 774 for further details 


RACAL INSTRUMENTS LTD 
Western Road, Bracknell, Berkshire 
DiGiITaL FREQUENCY METER 
(Illustrated above right) 


The SA.505 combines the latest tran- 
sistor techniques in a compact, self- 
contained instrument and is suited to all 
laboratory applications in the fields of 
frequency, period and time _ interval 
measurement. 

A seven digit in-line projection display 
is incorporated which is arranged to dis- 
play continuously. The facilities include 
direct frequency measurement of sine 
wave and pulse signals in the range 0 to 
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10Mc/s, time interval 
between two successive positive 
pulses in the range O-lusec to 10*sec. 
Period measurement can also be made 
over 1, 10 and 100 cycles of the un- 
known frequency with an accuracy of 
up to 1 part in 10°. 

The accuracy of frequency measure- 
ment +1 count + the stability of the 
internal crystal which is 1 part in 10’, 
provision is made for operation from-an 
external frequency standard of 100kc/s 
or 1Mc/s. 

Digital output are available from the 
instrument in the form of relay contact 
closures enabling a remote read-out to 
te operated directly or alternatively a 
printed digital record may be obtained 
by employing the 10 way serializer type 
SA.138 operating an Addo-X printing 
machine. 

EE 31 775 for further details 


W. H. SANDERS (ELECTRONICS) 
LTD 
Gunnels Wood Road, Stevenage, Hertfordshire 
MuLTI-HoLeE DIRECTIONAL COUPLERS 
(illustrated below) 

These multi-hole directional couplers 
are available in sizes 12, 14, 15, 16, 18 
and 22 waveguide and cover the complete 
band from 3-95Gc/s to 40Gc/s. 

These couplers employ circular holes 
as coupling elements between the broad 
walls of the two waveguides, arranged 
as a Tschebyeshef array. The chief ad- 
vantage of this lies in the fact that the 
directivity can be made extremely broad- 
band without deterioration near the band 
extremities, as in the case of the binomial 
array. It is therefore possible to design 
the couplers to have greater than 40dB 
directivity over the complete frequency 
range with coupling frequency sensitivity 
of +0S5db and accuracy of mean 
coupling of +0-3dB. 


EE 28 776 for further details 
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STANDARD TELEPHONES & 
CABLES LTD 

Connaught House, Aldwych. London, W.C.2 
EPITAXIAL TRANSISTORS 

Epitaxy is a process in which a layer 
of semiconductor material is built up by 
germanium di-iodide, at a high tempera- 
ture on to a seed crystal at a lower tem- 
perature. The deposited material has the 
same crystal orientation as the seed. 

In most diffused transistors the material 
that forms the collector region has o 
have a high resistivity in order to achieve 
a high collector breakdown voltage. A 
limit has hitherto been imposed on the 
thinness of the collector region by the 
mechanical problems of handling tran- 
sistors made from very thin slices of 
material. Thus a high breakdown voltage 
has not been compatible with good bot- 
toming characteristics (ie., low collector 
series resistance). 

In epitaxial transistors a very thin layer 
of high resistivity material is deposited 
on one side of a slice of low resistivity 
material. The transistor is then made %y 
solid-state diffusion into the high resis- 
tivity material using standard techniques. 
The low-resistivity (seed) material acts 
simply as a ‘ backing’ for the transistor 
and gives it mechanical strength. 

The resultant transistor has much 
improved bottoming characteristics and 
the use of epitaxy gives greater device 
design flexibility because the  inter- 
dependence of some of the transistor’s 
parameters is much reduced. This can 
result in fast switching times and lower 
output capacitance. 

EE 31 777 for further details 








VENNER ELECTRONICS LTD 
Kingston By-Pass, New Malden, Sarrey 
DicitaL VoLT-OHM METER 


(Illustrated above) 


This instrument is capable of measur- 
ing voltages from ImV to I:IkV a.c. or 
d.c. and resistance to 1-1M®. 

The results are clearly displayed by 
four new type in-line projection indica 
tors, with automatic sign indication, and 
may be recorded by direct coupling to 
a Venner printer and/or a reperforator 
control unit. 

The instrument performs many other 
digitization functions, and is suitable for 
operation as a single instrument, or for 
inclusion in any data logging system. 

It employs no stepping switches or 
relays, and consists of transistorized 
plug-in stages. It provides steady read- 
ings with fluctuating input, and is simple 
to operate 

EE 31 778 for further details 


ELECTRONIC ENGINEERING 





Meetings this Month 


BRITISH INSTITUTION OF 
RADIO ENGINEERS 


Meetings 

Date: 16 March. Time: 5.30 p.m 

Held at: The London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower 
Street, London, c.l. 

Lecture: Transistorized Tape Recorders. 

By: S. Welldon 

Date; 22 March Time: 5.30 p.m 

Heid at: The London School of Hygiene and 
Tropical Medicine, Keppel Street, Gower 
Street, London, W.C.1 

Lecture: The Future of 
Systems. 

Date: 27 March Time: 3 p.m 

Heid at: The Post Graduate Medical School, 
University of London, Hammersmith, W.12 
Lecture: Symposium on Electronic Instruments 
for Cardiac Surgery. 

So 


Date: 21 March 
Held at: Farnborough Technical College 
Lecture: The Design of a Long Range Single 
Sideband Airborne Equipment 
By: P. D. Adams and : Wynne 
Seuth Midlands Sectioa 
Date: 23 March Time: 7 p.m. 
Held at; The Winter Gardens, Malvern 
Lecture: Mavenetic Film Storage 
By: A. C. Moore 
South Western Section 
Date: 15 March Time: 7 p.m 
Held at: School of Management Studies, Bristol 
Lecture Airborne Servo System for Throttle 
Control 
By. D. W. Thomasson 
West Midlands Section 
Date: 22 March Time: 6.15 p.m 
Held at: Birningham University 
Jecture: A Pulse Time Multiplex 
Stereophonic Broadcasting. 
G Browne 
North Westera Section 
Date: 2 March Time: 7 p.m 
Heid at: Reynolds Hall, College of 
Manchester 1! 
Lecture: Some Typical Uses for E.D.P. Systems 
By: C. W. Blaxter. 
North Eastern Section 
Date: 8 March Time: 6 p.m 
Held at: Institution of Mining and Mechanical 
Engineers, Neville Hall, Westgate Road, New- 
castle-upon-Tyne 
Lecture: AM/FM Transistor Receivers 
By: H. A. Heins 
Merseyside Section 
March Time: 7 p.m 
Held at: Adelphi Hotel, Liverpool 
Lecture: Flight Simulators 
By: D. J. Mauchel and R. Marvyn 


THE INSTITUTION OF 
ELECTRICAL ENGINEERS 


All meetings will be held at Savoy Place, Lon- 
don, W.C.2, unless otherwise stated 
LE.E. and R.Ae.S. London Joint Group 
Date: 1 March Time: 6 p.m 
Held at: The Royal Aeronautical 
Hamilton Place, 
Lecture: The Training of Electrical and Flec- 
tronic Engineers for the Aircraft Industry 
By: G. S. Bosworth 
Ordinary Meeting 
Date: 2 March Time: 5.30 p.m 
Lecture: The Place of Formal Study in the Post- 
Graduate Training of an Electrical Engineer. 
By: N. N. Hancock and P. L. Taylor 
Medical Electronics Discussion Group 
Date: 3 March Time: 6 p.m 
Lecture: The Clinical Value of E.E.G 
ing and Present Trends in General 
E.E.G. Recorders 
By: H. B. Morton and H. R. A. Townsend 
Electronics and Communications Section 
Date: 6 March Time: 5.30 p.m 
Lecture: An Investigation of the Usefulness of 
Back-Scatter Sounding in the Operation of 
H.P. Broadcasting Services. 
By: E. D. R. Shearman. 
Measurement and Control Section 
Date: 7 March Time: 5.30 p.m 
Lecture: The Automatic Control of Machines for 
Assembling Mechanical Components 
By: A. V. Hemingway and R._ L. Dressler 
Date: 21 March Time: 5.30 p.m. 
Lecture: Self-Adaptive Control Systems 
By: Wescott, Souce, P. E 
sted and P. H. Hammond. 
Date: 15 March Time 
Held at: Savoy Place 
Lecture: Magneto-Hydrodynamic 
Electricity 
y: P. L 


High Speed Storage 


System for 


By 


Technology, 


Date: 15 


Society, 4 


Record- 
Purpose 


Grin- 
5.30 p.m 
Generation of 


Davies and D. J. Harris. 
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Informal Meeting 
March Time: 5.30 p.m 
Town Planning and Electrical Require- 


Date: 13 
Lecture 
ments 
By: L. H. Welch 
Education Discussion Circle 
Date: 14 March Time: 6 p.m. 
Lecture: New Routes into National Certificate 
and Technician Courses. 
By: H. W. French 
Utilization Section 
Date: 16 March Time: 5.30 pm 
Lecture: A Dynamic Model for Studying the 
Behaviour of the Overhead Equipment used 
in Electric Railway Traction 
By: D. S. Farr, H. C. Hall and A. L. Williams 
Electron cs and Supply Sections 
Date: 22 March Time: 5.30 p.m 
Lecture: The Engineering Aspects of 
Physics 
By: R. Carruthers and D. L. Smar 
South Midland Centre 
20 March Time: 7.30 p.m 
Winter Gardens, Gt. Malvern 
Radiocommunications by Means of 
Satellites 


A. W 


Plasma 


Lines 
Southern Centre 
Date: 14 March Time: 6.30 p.m 
Held at: University, Southampton 
Lecture: Analogue to Digital Converter 
niques and their Applications 
y .. L. Smith 
Date: 21 March 
Held at 
Lecture 
By: G 
Date: 22 
Held at 
Lecture 
Industry 


Time: 6.15 pm 
Farnborough Technical College 
Recent Research in Thermionics 
H. Metson and Miss E. Macartney 
March Time: 6.30 p.m 
Grand Hotel, Bournemouth 
Radiocommunication in the 


By: E. H. Cox and R. E. Martin 

Date: 23 March Time: 6.30 p.m 

Held at: South Technical College, Wey- 
mouth 

Lecture: High-Voltage Engineering 

By: E. L. White 


Power 


Dorset 


THE INSTITUTION OF POST OFFICE 
ELECTRICAL ENGINEERS 
Date: 1 March 
Held at: Conference 
House, S.E 
Lecture: The Study of 
By: D.C 


Time: 5 p.m 
Room, Waterloo 


Men at Work 
Blair and S. T. E. Kent 


Bridge 


THE PLASTICS INSTITUTE 


Date: 7 March Time: 6.30 p.m 

Held at: Wellcome Building, Euston Road, Lon- 
don, N.W.1 

Lecture: Polyurethanes 

By: H. A. Hampton 


Development and Uses 
and R. Hurd 


THE SOCIETY OF 
INSTRUMENT TECHNOLOGY 

Date: 15 March 6.39 pm 

Held at: Manson 26 Portland Place, 
London, i 

Lecture: Symposium on Burst Slug Detection in 
Nuclear Power Stations. Initial Experience on 
the Use of a Digital Computer for Burst Slug 
Detection 

By: J. L. W 

Lecture: Burst 
Bradwell 

By: J. O. Joss 

Date: 28 March 

Held at: Manson 
London, W.1 

Lecture: Automatic 

By: Dr E 
Jacobs 

Date: 28 March Time: 7 p.m 

Lecture: The Development of an Optimizing Con- 
troller 

By: P. F. Sutherby 


Time 
House, 


Churchill and R. S. Hopkins 
Slug Detection Data Display at 


Time: 5 p.m 
House, 26 Portland Place, 
Optimization 
Grensted and O. L. R 


THE TELEVISION SOCIETY 
Date: 10 March 
Held at: The Research Laboratories, E.M.I. Ltd, 

Hayes, Middlesex 
Lecture: Colour Television Camera Problems. 
By: I James 
Date: 23 March Time: 7 p.m 
Held at: The Marine Station, Millport 
Lecture: Underwater Television in Marine Biology. 
By: Dr Barnes 


Time: 7 p.m 


PUBLICATIONS 
RECEIVED 


FBI. REGISTER OF BRITISH MANUFAC- 
TURERS—1961 is the 33rd Edition. The Regis- 
ter contains lists of the products and services of 
nearly 8000 member firms under more than 
5490 alphabetical headings. In addition to a 
Classified Buyers’ Guide there are seven other 
sections in the Register, giving addresses of 
Companies and Firms and information about 
Trade Associations, proprietary names, trade 
marks, etc. The Register is published for the 
Federation of British Industries by Kelly's 
Directories and Lliffe and Sons Ltd, price 50s 
post free 


GENERAL RADIO HANDBOOK OF NOISE 
MEASUREMENT is an illustrated 100-page book 
covering the measurement of noise and vibration 
and describing equipment requirements, proce- 
dures and the interpretation of results. Copies of 
the handbook are available at $1.00, post paid 
from the General Radio Company, West Con- 
cord, Massachusetts, U.S.A 


JOHNSON MATTHEY & CO. LIMITED have 
produced a new version of their publication 
1302, * Electrical Contacts This booklet is 
intended to help designers of electrical and elec- 
tronic equipment to select contact materials and 
to determine optimum contact dimensions and 
operating force. It also serves as a guide to 
buyers on the availability of materials and gives 
information on the stocks carried in the JMC( 
Standard Contact ranges. Copies of the book 
let are freely available on request to the Com 
pany’s head office at 73-83 Hatton Garden, E.C.1 


CONTACT 
brochure 


ENGINEERING is the title of a 
describing the contact engineering 
facilities provided by Negretti and Zambra Ltd, 
22 Regent Street, London, W.1, from whom 
copies may be requested 


UNBRAKO SOCKET SCREW CO. LTD, have 
recently published a range of technical leaflets 
which they state will be of interest to engineers 
and technicians in the aerospace and allied indus 
tries. The set of leaflets is available free on 
request from the Company's Advanced Design 
Division, P.O. Box 38, Burnaby Road, Coventry. 


AUTOMATION by H. A. Thomas of Unilever 
Ltd is an illustrated record of the Faraday Lec- 
tures 1958/9, given at the invitation of the 
Institution of Electrical Engineers. Copies of 
the book are available on request to the Informa- 
tion Division, Unilever Ltd, Unilever House, 


CAREERS IN THE SCIENTIFIC INSTRUMENT 
INDUSTRY gives an illustrated summary of 
what a new entrant into the industry can expect 
to find and what his work and training may be 
like. The booklet is published by The Scientific 
Instrument Manufacturers’ Association o! Gt 
Britain, 20 Queen Anne Street, W.! 


LINE FAULT LOCATOR is a leaflet describing 
this instrument as demonstrated at the Giasgow 
Power Station by Ferranti Ltd of Hollinwood, 
Lancs. The instrument is known as an a.c 
line fault locator, which operates on the radar 
principle of pulse reflection occurring from any 
discontinuity which may be due to a flashover 
or to ice build-up on the line. 


STANDARD RANGE OF SELENIUM RECTI- 
FIERS bulletin SR-2006 published by the Inter- 
national Rectifiers Co. (Great Britain) Ltd des- 
cribes the range of stock selenium rectifiers from 
which this Company can give immediate delivery 
The rectifiers are designed to meet the most 
commonly required outputs, ic. ht. supplies 
for electronic equipment, radio and television 
also |.t. outputs for battery charging and tran- 
sistor supplies Further details are available 
from the General Manager, Hurst Green, Oxted, 
Surrey 


A LOW ENERGY BETA PROBE by K. E. G 
Perry and A. Bishop. This probe (A.E.R.E 
type 1667) has been designed for the detection 
and measurement of low energy beta radiation 
It has an efficiency of 14 per cent for C14 and 
28 per cent for Sr.90. The detecting area is 
over a Sin diameter and the design is suitable 
for use with most standard ratemeters. A copy 
of this booklet is available from H.M. Stationery 
Office, price 3s 


SOUND EQUIPMENT is a pamphiet showing the 
range of standard public address and sound 
equipment now being distributed by Audix B.B 
Ltd, Bentfield End, Stansted, Essex, from whom 
a copy of this pamphlet is available together 
with the price list 
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* Provides two independent outputs. © Available as plug-in or wire-in sub-unit. 
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Une description, basée sur des renseignements fournis par les fabricants, d'un choix 
de matériels électroniques exposés au 45¢me Salon de la Physical Society, tenu & Londres 


ADVANCE COMPONENTS LTD 
Roebuck Road, Haimault, Uford, Essex 
SPECTROMETRE ACOUSTIQUE 
(Illustration &@ la page 184) 


Le spectrométre acoustique Advance 
est un instrument précis, stable et léger, 
ayant sa propre alimentation par bat- 
terie et étant donc entiérement auto- 
nome. Il est d’un modéle trés perfec- 
tionné et convient aux problémes et a 
l’'analyse de la mesure acoustique. Grace 
a ses filtres de bande d’octaves incor- 
porés, on peut analyser rapidement les 
bruits & spectres complexes. Il peut 
également étre utilisé avec un capteur de 
vibrations approprié pour Il’analyse des 
vibrations dans la gamme des basses 
fréquences. Le SPM.1 se préte particu- 
litrement bien a TI’analyse des bruits 
d’avions, de véhicules, de machines, ainsi 
que pour l’analyse des bruits de bureau 
ow le niveau des parasites vocaux con- 
stitue un facteur important. 

L’instrument se compose d'un tout 
petit microphone piézoélectrique, d’un 
amplificateur a six étages stabilisé par 
une forte contre-réaction de 8 filtres 
passe-bande pouvant étre mis en circuit 
au choix, et d'un appareil de mesure 4 
cadre mobile avec échelle de décibels. I 
comporte également un atténuateur ‘n- 
corporé a 5 plots de 10dB couvrant une 
gamme de 30 a 80dB, ainsi qu'un 
atténuateur complémentaire 4 3 plots de 
20dB couvrant une gamme de 0 a 60dB. 
La gamme compléte du spectrométre, yv 
compris l’échelle de VYappareil de lec- 
ture, est de 20dB 4 150dB, en fonction 
du niveau de référence de la pression 
sonore normale de 2 x 10-* wb (= 2 X 
105 N/m?). Des sons dans la gamme de 
fréquences de 20 Hz a 10 kHz peuvent 
étre mesurés et amalysés en bandes 
d’octaves & l'aide du filtre incorporé. 
L’état des batteries incorporées peut étre 
vérifié au moyen de l'appareil de mesure 
a cadre mobile. 


EE 31 751 pour pilus amples renseignements 


MARCH 1961 


du 16 au 20 janvier 1961. 
(Traduction des pages 184 a@ 189) 


AIRMEC LTD 
High Wycombe, Buckinghamshire 
OSCILLOSCOPE A ACTION RAPIDE 
(Illustration. a la page 184) 


L’oscilloscope type 294 est un instru- 
ment de laboratoire d’une grande soup- 
lesse d'emploi, sa gamme étendue de 
vitesses de balayage ainsi que la réponse 
de fréquence étendue (du courant con- 
tinu 4 50 MHz) et le temps de montée 
rapide de l’amplificateur Y, le rendent 
trés indiqué pour les applications & im- 
pulsions a grande vitesse. Il est aussi 
des plus utiles pour les mesures générales 
de laboratoire, en raison de Il’étalon- 
nage précis des bases de temps et de 
l'amplificateur de déviation, de ses mar- 
queurs de temps et de tension, et de ses 
dispositifs perfectionnés de déclenche- 
ment et de retardement de balayage. 


Des sorties d’impulsions synchronisées 
avec les bases de temps intérieures faci- 
litent le fonctionnement en liaison avec 
tout matériel électronique compliqué. Le 
balayage monocourse, I'éclairage vari- 
able par la tranche du quadrillage et 
les potentiels d’accélérateur de  post- 
déviation alternatif commuté, facilitent la 
photographie de la trace. Des indica- 
teurs éclairés de position de faisceau et 
des commandes a codes de couleurs 
logiquement disposées garantissent la 
sécurité et la simplicité du fonctionne- 
ment. 


L’appareil complet, réalisé par une 
société francaise fort connue et fabriqué 
sous licence par Airmec se compose d’un 
ensemble d’affichage monté en diagonale, 
pour faciliter l'indication, sur un trolley 
en acier tubulaire muni de roulettes et 
portant le bloc d’alimentation A sa base. 
Le refroidissement forcé par air filtré et 
utilisation de piéces de haute qualité 
contribuent a la sfireté maximale de son 
fonctionnement. 


EE 31 752 pour plus amples renseignements 
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CAWKELL RESEARCH & ELEC- 


TRONICS LTD 
Scotts Road, Southall, Middlesex 
OSCILLOSCOPE A MEMOIRE DE TELEVISION 
(Illustration a la page 184) 

Le “Tele-Remscope” est un nouveau 
genre de contréleur d'images pour sys- 
témes de télévision A circuit fermé. Il se 
caractérise principalement par le fait que 
l'image peut étre “saisie” A n'importe 
quel moment par simple pression d'un 
bouton ou actionnement d’un interrup- 
teur. 

Le “Tele-Remscope” fonctionne sur 
405 ou 625 lignes, 50 champs/sec ou 525 
lignes, 60 champs/sec, et nécessite une 
entrée vidéo positive de 15V. N’importe 
quel nombre de champs de 1 a 4 peut 
étre enregistré et affiché pendant une 
durée de temps allant jusqu’A 15 minutes 
sur la face d’un tube de mémoire English 
Electric E.702. L’écran a 10cm de dia- 
métre et produit une fluorescence jaune/ 
vert (P20). 


EE 31 753 pour plus amples renseignements 


DAWE INSTRUMENTS LTD 
99-101 Uxbridge Road, Ealing, London, W.5 
GENERATEUR DE BRUITS ULTRA-BASSES 

FREQUENCES 

(Illustration a la page 184) 

Le générateur de bruits ultra-basses 
fréquences type 418 fournit des bruits 
d’origine électrique avec un spectre de 
fréquences uniforme & +0,5dB prés, de 
0 a 200 Hz. 

La source de bruit dans linstrument 
est constituée par un thyratron pro- 
duisant des bruits d'origine électrique de 
spectre uniforme dans la gamme des 
basses fréquences. Le débit de bruits 
passe d’un filtre & bande relativement 
large, centré & 2 kHz, a un circuit de 
modulateur ou il est mélangé a la sortie 
d'un oscillateur local & fréquence fixe 
fonctionnant a 2 kHz. 

La sortie du modulateur passe par un 
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filtre passe-bas afin d’éliminer les pro- 
duits de la modulation a haute fréquence. 
Le signal, de basse fréquence est amplifié 
dans un amplificateur de tension con- 
tinue, avec une sortie de cathode asser- 
vie & faible impédance attaquant les 
bornes de sortie et un appareil indicateur. 
Ce dernier est étalonné pour pouvoir lire 
les valeurs efficaces de bruits erratiques 
Le niveau de sortie est a réglage continu 
par un potentiométre variant le gain de 
Vamplificateur. Une grande stabilité dans 
le niveau de sortie fixe et une dérive 
réduite de courant continu sont obtenues 
par Vutilisation de sources d’alimenta- 
tion stabilisées de basse et haute tension 
et une réaction négative élevée dans 
l'amplificateur. La gamme dynamique 
étendue de l'amplificateur assure la dis 
tribution d'amplitude § aléatoire avec 
écrétage insignifiant de la forme d’onde 
jusqu’a la pleine sortie nominale. Le cir- 
cuit a été réalisé A partir d'un projet 
original de D. A. Bell et A. M. Rosie, 
de l'Université de Birmingham. 

EE 31 754 pour plus amples renseignements 
OSCILLATEUR PASSE-FRE- 
QUENCE 

(Illustration a la page 185) 


AUTOMATIQUE 


L’oscillateur en dents de scie automa- 
tique b.f. Type 444 répond a la demande 
d'un oscillateur accordé  résistance- 
capacité a faible distorsion et gamme 
unique de 5 Hz a 5 kHz. Cet oscillateur 
fournit une sortie de tension constante et 
'étalonnage de I’échelle de fréquences 
est intégralement logarithmique. La 
commande de fréquence de balayage 
est actionnée par moteur autonome 
prévu pour donner différentes vitesses de 
balayage entre n’importe quelles limites 
voulues de fréquence. La direction du 
balayage peut étre réglée pour l’inversion 
automatique aux fréquences de limite. 
En variante, elle peut étre arrétée a 
n’importe quel moment. par _ télé- 
commande. 

Le circuit consiste essentiellement d’un 
pont de contréle de fréquence qui ali- 
mente un amplificateur push-pull équi- 
libré avec sortie de cathode asservie. 

Le réseau de contréle de fréquence 
consiste en une forme modifiée de pont 
de Wien dont les bras résistifs ont ¢té 
remplacés par des réseaux complexes de 
résistance-capacité. Ces derniers étendeat 
la gamme de fréquences de déphasage 
constant dans un rapport de 1000:1 avec 
un rapport de capacité de 10,1 pour ie 
condensateur d’accord. Le condensateur 
d’accord a un arbre de rotor pouvant 
tourner de maniére continue et spéciale- 
ment prévu pour assurer un étalonnage 
d’échelle intégralement logarithmique. 

Une commande par moteur et une 
boite de vitesse assurent six vitesses de 
balayage allant de 0.2 a 10 octaves par 
minute. Des disjoncteurs de sécurité 
réglables permettent le balayage de fré- 
quence dans n'importe quelle partie de 
la gamme. 

Le balayage peut aussi étre contrélé 
au moyen de l'ensemble de télécom- 
mande type 444/1. La fréquence peut 
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étre balayée vers l'avant ou inversée, ou 
le balayage peut étre arrété a4 n’importe 
quel moment. Alternativement, I’échelle 
de fréquences peut étre réglée manuelle- 
ment a mn'importe quelle fréquence 
voulue. 

Le signal du pont est introduit dans 
lamplificateur push-pull équilibré, ce 
dernier étant relié directement a létage 
a charge cathodique. Une contreréaction 
est appliquée a partir des cathodes de 
étage de sortie aux grilles des lampes 
d’amplificateur. Un élément de résistance 
thermiquement sensible est incorporé 
dans les bras résistifs du pont afin de 
stabiliser l'amplitude d’oscillation 4 un 
niveau compris dans la gamme linéaire 
de l'amplificateur équilibré. Grace a ce 
dispositif, ainsi qu’a la contreréactioa 
élevée aux fréquences harmoniques, une 
bonne stabilité et une faible distorsion 
de lTonde sinusoidale de sortie sont 
assurées. Dans la boucle entiére de 
contreréaction, un volume contrélé de 
réaction positive est appliqué a I’étag: 
de sortie uniquement afin de réduire 
virtuellement & zero son impédance de 
sortie. Les bornes de sortie son ali- 
mentées & partir d'un potentiométre 
accouplé aux sorties de cathodes asser- 
vies 

Des sorties push-pull allant jusqu’a 
12 V dans 10 k2 sont fournies aux bornes 
de sortie. Les niveaux de sortie sont a 
variation continue du maximum 4 Zéro. 
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DYNATRON RADIO LTD 
Maidenhead, Berkshire 
APPAREIL D'ESSAL NUCLEAIRE 

L’appareil d’essai type N107 comprend 
un double générateur d’impulsions et un 
oscilloscope de mesure combinés, et il 
est prévu pour Ilentretien des instru- 
ments communément employés dans le 
domaine nucléaire comme, par exemple, 
les amplificateurs d’impulsions, discri- 
minateurs, échelles de comptage, inten- 
simétres et analyseurs d’amplitude des 
impulsions. Un  miaitre-multivibrateur 
contréle la fréquence de répétition des 
impulsions de la paire d’impulsions. 

Le signal principal de fréquence de 
répétition des impulsions déclenche (1) 
un générateur de largeur d’impulsions et 
un étage de dents de scie (2). L’impul- 
sion fixe engendrée par (1) est limitée 
en amplitude puis injectée 4 une paire 
de contréle d’amplitude, permettant de 
choisir des impulsions 4 direction néga- 
tive ou positive. Une double cathode 
asservie alimente soit la borne de sortie 
de Tappareil d'essai soit un autre 
atténuateur. La dent de scie provoquée 
par (2) fournit un balayage X a l’ampli- 
ficateur X de Tloscilloscope, et attaque 
aussi une porte d’amplitude. Lorsque ‘a 
dent de scie franchit le niveau de la porte 
(réglé par commande de _ séparation 
d'impulsions), un générateur de largeur 
d'impulsions, semblable a (1), produit 
limpulsion mobile (seconde), qui est 
traitée de la méme maniére que la pre- 
miére impulsion (fixe), cest a dire 
qu'elle est limitée, injectée 4 une paire 
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de contréle d'amplitude, puis aux 
cathodes asservies de sortie. L’action 
compléte du générateur d’impulsions 
fournit une paire d’impulsions, a direc- 
tion positive ou négative, pouvant étre 
contrélées indépendamment en largeur 
et en amplitude, avec séparation vari- 
able entre elles. On peut mettre hors 
circuit soit Vimpulsion fixe soit ia 
seconde impulsion variable, selon les 
besoins. 

L’appareil est complété par un ampli- 
ficateur Y, commuté de maniére a 
pouvoir obtenir une réponse A large 
bande sur gain moyen, ou un gain 
éleoré dans une largeur de bande réduite. 
L’amplitude est mesurée par systéme a 
contréleur de dérive Y. 

EE 31 756 pour plus amples renseignements 


E.M.I. ELECTRONICS LTD 
Hayes, Middlesex 
AMPLIFICATEUR A GRAND GAIN 

L’amplificateur & grand gain type 7/5 
fait partie d’une série de sous-ensembles 
interchangeables produits pour 
utilisés avéc T’osc'lloscop: WM.16 

Il offre les mémes_ possibilités que 
l'amplificateur & large tande 7/1 et, en 
outre, le gain peut étre accru par un 
facteur de 10, dans des conditions de 
couplage au courant alternatif, afin de 
donner une sensibilité maxima de 5 mV 
cm pour une largeur de band réduite. 

L’amplificateur & grand gain s’adapte 
au panneau frontal de _ Toscilloscope 
W.M.16 et toutes les tensions nécessaires 
proviennent de l’oscilloscope principal. 

Un sélecteur d’entrée a trois positions 
fournit les combinaisons suivantes de 
sensibilités de largeur de bande: 

Temps de montée c.c. 10 masec; 
largeur de bande c.c. & 40 MHz; sensi- 
bilité 50 mV/cm a 20 V/cm en neuf 
gammes étalonées et commutées 

Temps de montée c.a. 10myusec; largeur 
de bande 3 Hz a 40 Hz; sensibilité 50 mV/ 
sec 4 20 V/cm. 

C.A. x 10: Temps de montée 16 
musec; sensibilité 5 mV/cm a 2 V/cm en 
neuf gammes étalonnées et commuteées; 
constante de temps d’entrée 0,05 sec. 
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AMPLIFICATEUR DIFFERENTIEI 
(Illustration a la page 185) 

L’amplificateur différentiel type 7/6 est 
un élément interchangeable comp!émen- 
taire pour loscilloscope W.M.16 et il 
permet d’observer deux entrées séparé- 
ment ou différentiellement, soit couplées 
sur courant alternatif soit sur courant 
continu. Les mesures d’amplitude peuvent 
se faire par cadran ou quadrillage, sauf 
lorsque l’entrée B est employée sur 
courant continu. Dans cette derniére 
position la mesure se fait par quadrillage. 

Chaque voie a des atténuateurs a part 
permettant une variation de sensibilité de 
50 mV/cm a 20 V/cm en neuf gammes. 
Une commande de gain précis assure le 
réglage continu entre positions 
d’atténuateurs. 

La largeur de bande va de 25 MHz ou 
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4 Hz a 25 MHz et le temps de montée 
est de 16 musec. Le rapport de rejet est 
supérieur 4 100:1 dans la bande passante 
sur couplage c.c. et supérieur & 100:1 
de 10 Hz 4 25 MHz sur couplage c.a. 
pour un gain total. 


EE 31 758 pour plus amples renseignements 


ELECTRONIC TUBES LTD 
Kingsmead Works, High Wycombe. 
Buckinghamshire 


SUBSTANCES D’ EMMAGA- 


SINAGE 


LUMINESCENTES 


Au cours d'une démonstration on a 
pu voir les propriétés d’un tube catho- 
dique normal muni d'une _ nouvelle 
matiére d'écran. 

Au moment ot l’écran est excité pour 
la premiére fois, il se produit une 
fluorescence bleue semblable 4a celle 
d'une substance luminescente normale a 
deux couches et a longue persistance 
Ceci est suivi d'une persistance de durée 
comparable a celle obtenue avec la sub- 
stance luminescente 4 deux couches, saul 
que la phosphorescence de cet écran est 
de couleur verte. 

Méme aprés la disparition totale de 
la phosphorescence, d’autres indications 
peuvent encore étre obtenues avec cet 
écran. Une certaine quantité d’énergie 
reste deposée dans la substance lumi- 
nescente a l’endroit od elle a été excitée, 
et elle peut étre déclenchée au moyen 
d'un éclairage infrarouge. L’intensité 
visuelle de l'image emmagasinée dépend 
de lintensité de la source infrarouge. 
Ceci s’'applique également a la durée de 
vision avant que l'image soit effacée. 
Etant donné qu'une quantité spécifique 
d’énergie peut étre déclenchée, en aug- 
mentant l'intensité de la source infra- 
rouge on décroit la durée de vision et 
vice versa. 

Un avantage complémentaire est que 
l'image emmagasinée n’a pas _ besoin 
d’étre observée jusqu’aé son extinction, en 
une seule opération. Elle peut étre 
observée a plusieurs reprises de courte 
durée et & quelques minutes d’intervalle. 

Avec un dispositif d’°emmagasinage tel 
que celui ci, il va de soi que l’énergie 
emmagasinée dépend directement de 
l’energie d’excitation. Vu que le pouvoir 
d’emmagasinage est relativement faible, 
son utilisation a de grandes vitesses 
d’enregistrement est impossible. Il n'est 
pas recommandé non plus pour l'emploi 
avec des tubes de faible tension en raison 
des quantités réduites d’énergie dont il 
est question. 


En principe, la substance luminescente 
peut étre appliquée 4 n’importe quel tube 


cathodique fabriqué par _ Electronic 
Tubes Ltd mais elle ne sera pas appli- 
quée aux tubes de faible tension par 
suite de son utilité limitée pour ces 
derniers. 


EE 31 759 pour plus amples renseignements 
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ELLIOTT BROTHERS (LONDON) 
LTD 
Centary Works, Lewisham, London, S.E.19 
MATERIEI AUTOMATIQUE DE 
CIRCUITS 
(Illustration a la page 186) 


DE CONTROLE 


Ce matériel a été étudié pour faciliter 
le contréle courant de formes de cables 
compliquées ou de dispositifs analogues, 
de facgon entiérement automatique en 
préréglant le processus de contréle et 
d’essai dans la machine. 

Le modéle dont ou a pu voir une 
démonstration peut effectuer les tests 
suivants avec un nombre dextrémités 
pouvant aller jusqu’é 600. Chaque ex- 
trémité est contrélée par rapport a toutes 
les autres: 

(1) Résistance: 0 a 

(2) Continuité non 

ohms. 

(3) Isolement: entre lignes supérieur a 

20 Mégohms. 
(4) Isolement & la masse supérieur a 
20 Mégohms. 

N’importe lequel de ces essais peut 
étre effectué pour une paire particuliére 
d'extrémités par un programme prédé- 
terminé. Les instructions sont “rédigées” 
sur bande magnétique de 2.5 cm, en 
accord avec un tableau de cables ou 
d’extrémités s’appliquant au matériel 
soumis a lessai. Ce matériel est relié a 
l'appareil de contréle automatique de 
circuits en séquence numérique normale 
coincidant avec le tableau d'extrémités 
et le numérotage de programme. 

Le nombre de combinaisons possibles 
avec 600 extrémités est de 180.300. Une 
bande magnétique de 305cm de longueur 
suffit pour recevoir toutes les données 
de programme possibles. 

Un perfecctionnement ultérieur per- 
mettra 4 la machine de vérifier presque 
n’importe quel assemblage électronique 
électrique avec un minimum de travail. 
Un enregistreur automatique de défauts 
sous forme d'imprimeur codé, est en 
cours d’étude. 
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1000 ohms. 


supérieure a 0,5 


RECEPTEUR DE FREQUENCE STANDARD 


Cet instrument est prévu pour rece- 
voir l’émission standard de 200 kHz de 
Droitwich, qui est exacte dans une 
mesure d’environ 20 parties de 10° et 
présente l’'avantage complémentaire d’étre 
comparée presque quotidiennement, a 
10H33 (heure moyenne de Greenwich), 
avec le résonateur au césium du Labora- 
toire National de Physique. Le débit 
n’est nullement affecté par la modula- 
tion. 

Le contréleur de fréquence standard 
produit les fréquences suivantes a partir 
dune source d'impédance élevée ondes 
sinusoidales de 5V créte-a-créte A 50, 
100, 200 et 400 Hz, et 20 et 200 kHz; 
ondes carrées de 2V créte-a-créte a 50, 
100, 200 et 400 Hz. 

D’autres basses fréquences multiples 
peuvent étre fournies sur demande, sau‘ 
dans le cas des débits de 200kHz et 20 
kHz. 


Deux amplificateurs de gain variable. 
pouvant étre commutés sur n’importe 
laquelle des sources be basse fréquence, 
permettent d’entrainer d'autres appareils 
d’énergie. Ce débit va jusqu’éa 20 volts 
efficaces. Un haut-parleur de contrdle 
est également inclus. 
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AMPLIFICATEUR INDICATEUR DE RAPPORT 


(Illustration a la page 186) 

Il s‘agit ici d'un amplificateur sélectif 
qui contréle le gain au moyen dun 
potentiel électrique. Cet amplificateur 
est suivi d'un redresseur en pont et d'un 
appareil de mesure indicateur. 

Au moyen d’un circuit & interrupteur 
extérieur, la sortie redressée peut étre 
renvoyée a travers un amplificateur 
courant continy pour contréler le gain 
du systéme. L’indication de l'appareil de 
mesure sera constante a 1° prés pour 
une gamme de tensions d’entrée de plus 
de 50 dB lorsque linterrupteur est fermé. 
Si Vinterrupteur est ensuite ouvert, le 
gain de lamplificateur sera maintenu 
sensiblement constant pendant une 
période de temps considérable, au 
moyen d'un circuit ayant une constante 
de temps de lordre dune demi-heurc. 
Tout changement dans le niveau du 
signal d’entrée sera alors enregistré par 
l'appareil de mesure. 
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ENREGISTREUR A BANDE MULTIVOIES 


(Illustration a la page 186) 


Cet instrument comporte un systéme 
de transport de bande a doubles cabes- 
tans et assemblages enrouleurs. Cing 
vitesses de bande sont prévues, choisies 
par commandes 4 bouton-poussoir, et des 
fréquences allant jusqu’&é 75 kHz peuvent 
étre tenues a 76,2 cm/sec. 

Une durée d’enregistrement maxima 
de prés de trois jours peut étre réalisée 
en utilisant seize voies de bande a base 
mince de 2,54cm & la vitesse de 4,762 
cm/sec. L’inversion automatique se fait 
par le doublage des tétes d’enregistre- 
ment et de réenregistrement, cing tétes 
interchangeables constituant le nombre 
de tétes normalement prévues. De bonnes 
caractéristiques de pleurage et de flotte- 
ment sont réalisées grice au mécanisme 
transporteur de bande et l’entrainement 
par double cabestan isole toute bande 
en contact avec les tétes des perturba- 
tions pouvant étre introduites par les 
bobines enrouleuses et dérouleuses 

Cet appareil est enti¢rement transis- 
torisé, un usage étendu étant fait des cir- 
cuits imprimés. Des éléments modulaires 
a fiches permettent l’enregistrement direct 
et la modulation de fréquence, toutes 
les fonctions pouvant étre, en outre, 
commandées a distance. Les principales 
applications de l’enregistreur sont dans 
les domaines des engins téléguidés et de 
l’'aéronautique pour I’enregistrement de 
données télémesurées ainsi que pour les 
essais de vol. 
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ENGLISH ELECTRIC VALVE 
co. LTD 
Chelmsford, Essex 
RENFORCATEUR D'IMAGES A GAIN ELEVE 


Ce tube de renforcage d’images a gain 
élevé se compose d'une cathode photo- 
électrique d'entrée, de cing cathodes 
secondaires et d'un écran fluorescent de 
sortie, et il est utilisé conjointement avec 
une solénoide de _ focalisation, des 
systémes optiques d’entrée et de sortie et 
des sources d’alimentation. 


On focalise Yimage devant étre 
renforcée sur la cathode photoélectrique 
a une des extrémités du tube, cependant 
que les photoélectrons sont accélérés et 
focalisés sur la premitre cathode 
secondaire & film mince. Des électrons 
secondaires, cing ou six pour chaque 
primaire, sont émis de l'autre cété de la 
cathode secondaire puis, A leur tour, 
aceélérés et focalisés sur la seconde 
cathode secondaire. Ce procédé est répété 
pour chaque cathode secondaire, et les 
électrons secondaires émis par la cathode 
secondaire finale sont accélérés sur un 
écran fluorescent afin de donner une 
reproduction renforcée de l’image faible 
originale. 


Des tubes ont été fabriqués qui donnent 
un gain de 100 000 & 200 000 photons, un 
gain de 7000 étant fourni par les cing 
étages d'une multiplication d’électrons 
secondaires et le reste provenant du 
bombardement de Tl’écran fluorescent 
secondaire. 


Le diamétre utile des cathodes 
secondaires a film mince est de 2,5 cm. 
Si nécessaire, les dimensions de l'image 
peuvent étre réduites entre la cathode 
photoélectrique et la premiére cathode 
secondaire, de maniére 4 ce que |’image 
d’entrée ne soit pas limitée & 2,5 cm. De 
méme, une image agrandie peut étre 
formée sur I’écran au besoin. 
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TUBE CATHODIQUE DE MEMOIRE BISTABLE 


Le tube de mémoire bistable 4 vision 
directe E710 représente une nouvelle con- 
ception dans la réalisation de ces dis- 
positifs. L’emploi de cette technique 
comporte beaucoup moins de risques 
d’endommagement de l'ensemble au cas 
od un fort courant de faisceau serait 
appliqué accidentellement, et elle permet 
donc de simplifier les circuits connexes. 


Le nouveau tube peut stocker des 
informations indéfiniment et autorise, en 
outre, l’affichage continu ou intermittent 
de la forme d’onde stockée. Deux ou 
plusieurs signaux peuvent étre stockés et 
affichés simultanément ou effacés instan- 
tanément lorsqu’on n’en a plus besoin. 


Le tube E710 a un canon d’écriture, 
dévié électrostatitiquement et focalisé, 
qui dépose un relief de charge sur la 
maille de mémoire, le diamétre du spot 
étant d’environ 0,025 mm. Un second 
canon, qui éclaire continOment la maille 
de mémoire conserve ce signal et l’affiche 
sur la substance luminescente. 
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MARCONI INSTRUMENTS LTD 
St. Albans, Hertfordshire 
GENERATEUR BASSE-FREQUENCE 
(Illustration a la page 187) 


Ce nouveau générateur fournit n’im- 
porte laquelle des trois formes d’ondes 
pouvant étre choisies par commutateur, 
soit: sinusoidale, carrée ou de rampe, et 
il est A variation continue dans la gamme 
de fréquences de 0,0033Hz a 1kHz. Cette 
gamme de fréquences est couverte en 
cing bandes se recouvrant. Un relais ‘n- 
corporé avec contacts a permutation de 
grande puissance reliés au panneau 
frontal est actionné par la sortie d’ondes 
carrées & des fréquences allant jusqu’a 
1 Hz. Ceci permet de mettre des dis- 
positifs extérieurs en circuit ou hors cir- 
cuit en cycle, a la fréquence de fonc- 
tionnement. 

L’utilité de cet instrument comme 
chronoscope est considérablement accrue 
par un dispositif permettant le fonc- 
tionnement “d’un seul coup.” Le cycle 
de minutage est déclenché par un com- 
mutateur sur le panneau avant, par une 
impulsion engendrée extérieurement ou 
par des contacts extérieurs de court- 
circuit. 

Le générateur TF.1382 emploie une 
méthode inédite pour la _ production 
d’ondes sinusoidales consistant en une 
synthétisation électronique de la forme 
d’onde. La forme d’onde de base est une 
dent de scie ou “rampe” constituant 


l'une des formes d’onde triangulaire (ne 
servant pas de sortie). L’onde triangu- 
laire est ensuite fagonnée par un circuit 
a diodes Zéner qui transforme la forme 


d’onde en onde sinusoidale. La sortie 
d’ondes carrées est obtenue de la forme 
d’onde triangulaire A travers un circuit 
de commutation bistable. 


EE 31 766 pour plus amples renseignements 


VOLTMETRE DONT LE ZERO EST HORS DE 
LA GRADUATION NORMALE 


(Illustration a la page 187) 


Le voltmétre potentiométrique & com- 
paraison TF 1377 est prévu pour fa 
mesure de tensions absolues allant 
jusqu’éa SOOV c.c. et des changements 
minima de ImV dans la source soumise 
a l’essai. Il peut aussi étre utilisé comme 
voltmétre différentiel conventionnel a 
gamme de +ImV a =SOV. 

Pour le mode de fonctionnement a 
comparaison ou a zéro hors de la gradua- 
tion normale, la tension de source -st 
comparée a une alimentation en courant 
continu contrélée par potentiométre, et 
utilisant l'appareil de mesure a zéro cen- 
tral comme indicateur de zéro. La ten- 
sion absolue de la source est indiquée 
par la lecture numérique du potentio- 
métre, les variations ultérieures de ten- 
sion étant indiquées par Il’appareil de 
mesure. De faibles changements dans 
les tensions élevées peuvent donc @étre 
mesurées avec une discrimination, une 
précision et une facilité exceptionnelles, 
en évitant ainsi l'emploi fastidieux de 
montages compliqués de batteries ex- 
térieures pour rétroactionner la tension 
stationnaire. 


Pour le mode différentiel, le poten- 
tiométre est mis hors de circuit et les 
petites tensions inconnues sont indiquées 
directement sur l'appareil de mesure. 

L’instrument permet de mesurer rapide- 
ment et avec précision une gamme 
étendue de tensions continues au labora- 
toire, sur la chaine de montage ou en 
service. Son systeme de mesure incré- 
mentale de précision convient particu- 
ligrement & de nombreuses applications 
telles que les essais de régulation et de 
stabilité sur sources de tension continue, 
les mesures de coefficients de tempéra- 
ture sur semi-conducteurs et résistances, 
les essais extensométriques directs, 
l'étalonnage de thermométres a résist- 
ance et de transducteurs piézoélectriques, 
le réglage de générateurs. Des palpeurs 
de redressement sont fournis pour 
étendre son utilité aux mesures de basse 
et de haute fréquence. 
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MORGAN CRUCIBLE CO. LTD 
Battersea Church Road, London, S.W.11 
CHARGES DE GUIDE D’ONDES 


Ces charges ont été étudiées pour per- 
mettre & une station de radar de se main- 
tenir en position d’attente ou d’essai en 
pleine puissance sans émettre de signal 
par lequel elle puisse étre détectée et 
sans brouiller d'autres stations. Con- 
trairement aux matiéres utilisées jusqu’ici 
A cette fin, le “Termilode,” qui est basé 
sur le carbure de silicium, peut dissiper 
des kilowatts d’énergie. Les limites de 
température sont fixées davantage par 
Vionisation du gaz dans le guide d’onde 
que par la matiére de la charge. Une 
température de 1000°C donnera un com- 
portement satisfaisant. Les différentes 
réalisations qu’on a pu voir (avec des 
longueurs totales variant de quelques 
centimétres & quelques métres) sont pré- 
vues pour le refroidissement par air ou 
par liquides. Une dissipation maxima de 
8kW a pu étre atteinte par refroidisse- 
ment a l'eau. 
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MUIRHEAD & CO. LTD 
Beckenham, Kent 
ANALYSEUR-ENREGISTREUR D'ONDES 
AUTOMATIQUE 
(Illustration a la page 188) 


Cet instrument sert 4 I’analyse auto- 
matique et A l’enregistrement graphique 
de tous les types de signaux de bruits et 
de vibrations de sources ‘directes’ ou 
d’enregistrements sur bandes magnéti- 
ques. Il effectue I’analyse d’amplitude/ 
fréquence de signaux stables et l’analyse 
d’amplitude/fréquence/temps de signanx 
non-stables (variant en fonction dv 
temps). Il est entitrement automatique 
dans toute la gamme de fréquences, de 
10 Hz a 19 kHz. Pour gagner du temps, 
on peut lui faire balayer une seule partie 
de cette gamme de fréquences, si néces- 
saire. Trois degrés de sélectivité (} 
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d’octave, 5% et 1,5%) peuvent étre 
obtenus et, dans chaque cas, le pour- 
centage de largeur de bande est constant 
a toutes les fréquences. La discrimination 
contre les fréquences indésirables est 
élevée. L’erreur de fréquence maxima sur 
le papier d’enregistrement de sortie pré- 
imprimé ne dépasse pas 1%. Les sig- 
naux d’entrée peuvent étre dans la 
gamme de 10 “uV a 300V et lorsque 
latténuateur est réglé pour le fonc- 
tionnement automatique, une gamme 
d’amplitude dynamique allant jusqu’A 
70dB peut étre contrélée. 
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NASH & THOMPSON LTD 
Hook Rise, Tolworth, Surrey 
INSTRUMENT DE LECTURE NUMERIQUE 
(Illustration a la page 188) 

Congu pour combler le fossé entre le 
type de présentation du compteur a cadre 
mobile ordinaire et les. voltmétres 
numériques fort cofiteux, le nouveau 
voltmétre numérique Nashton constitue 
un compromis efficace et économique. . 2 
commutateur de lecture par pression ur 
le panneau frontal actionne le pont auto- 
équilibreur couplé électromécaniquement 
a Vindicateur. Les changements habituels 
de lectures numériques ne prennent 
qu'une seconde ou deux et il faut 10 sec 
au compteur pour couvrir sa gamme. 
L’appareil se compose de deux parties 
séparées montées dans un coffret Nash- 
ton-major. L’élément numérique se 
trouve sur le cété gauche tandis que 
élément fonctionnel, c’est a dire la 
partie voltmétrique, est aA droite. 
L’élément de lecture est un compteur 
mécanique a trois chiffres de 0,6cm de 
haut. Les gammes de tension sont de 1,00 
a 9,99, 10,0 a 99,9 et 100 a 999, la pré- 
cision étant supérieure & £1,2% de la 
lecture effective +1 chiffre. L’appareil 
est pourvu en outre d’éléments de droite, 
de résistance et capacité. Enfin, il peut 
étre commandé a distance. 
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G. V. PLANER LTD 
Windmill Road, Sunbury-on-Thames, Middlesex 
GENERATEUR D'IMPULSIONS DE MILLI- 
MICROSECONDES 


(Illustration a la page 188) 
Ce générateur a été concgu principale- 
ment pour déterminer les temps de com- 


mutation dans les tubes de mémoire 
comme ceux, par exemple, du type A 
pellicule mince d’alliage. 

La gamme d’impulsions couverte par 
cet instrument s’étend de 2 & 200 milli- 
microsecondes, la puissance de sortie per 
mettant d’actionner des éléments de com- 
mutation nécessitant des courants 
pouvant aller jusqu’éA 13A. La tension 
de sortie peut étre variée de IkV a moins 
de IV. 

Le specimen d’essai est fixé sur une 
téte de mesure a fiches avec boucle de 
captage appropriée. Le générateur est 
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étudié pour fonctionner avec des sorties 
Positives ou négatives 4 un taux de répé- 
tition des impulsions de 50Hz ou avec 
des sorties positives et négatives de rap- 
port varié afin de permettre l’observation 
simultanée de la commutation ou de fa 
non-commutation. Des points oscillo- 
scopiques appropriés ainsi qu'une im- 
pulsion de sortie de synchronisation ont 
également été prévus. L’appareil fonc- 
tionne sur alimentation de 230V, SOHz, 
et il peut étre employé en liaison avec 
un oscilloscope du type a action rapide 
ou de laboratoire. 


EE 31771 pour plus amples renseignements 


APPAREIL DE CONTROLE DE BOUCLES 

D'HYSTERESIS 

(Illustration a la page 188) 

Cet appareil a été prévu pour l'affi- 
chage sur oscilloscope cathodique de 
boucles d'hystérésis ainsi que pour 
déterminer la coercivité et la rémanence 
des matiéres magnétiques. Il permet de 
contréler les revétements magnétiques et, 
en particulier, ceux de bandes magnéti- 
ques d’enregistrement. I] convient égale- 
ment a lévaluation d’alliages magnéti- 
ques sous forme de pellicule mince, de 
bande ou de fil. 

Il comprend un amplificateur étalonné 
a faible bruit et trois tétes de mesure 
avec blocs d’alimentation correspondants 
pour couvrir les gammes suivantes: 

(a) 50 & 2000 Oersteds. Un circuit mag- 

nétique en acier a grains orientés 
avec deux bobines exploratrices dans 
la position de champ uniforme est 
utilisé pour former la téte de mesure, 
prévue pour la mesure sur bande 
d’enregistrement magnétique, ur 
aciers magnétiques, etc. 
O a 10 Oecrsteds. La téte de mesure 
emploie un enroulement de com- 
mande a tour unique et un enroule- 
ment capteur 4 tour unique pour 
mesurer les pellicules toroidales. 

L’appareil est utilisé avec un oscillo- 
scope normal (par exemple, Cossor type 
1049). 

EE 31 772 pour plus amples renseignements 


W. G. PYE & CO. LTD 
Granta Works, Cambridge 
AMPLIFICATEUR PH INDUSTRIEL 
(Illustration a la page 188) 


Cet instrument est doté d'un circuit 
qui est essentiellerment un amplificateur 
de tension continue du type a porteuse 
utilisant un modulateur & condensateur, 
un amplificateur de la porteuse et un 
démodulateur sensible aux phases avec 
un degré élevé de contreréaction totale. 
Ceci garantit un degré élevé de stabilité 
avec une linéarité quasi parfaite, cepen- 
dant que les fluctuations normales de 
tension d’alimentation ne  produisent 
pratiquement aucun changement dans le 
réglage de zéro ou la sensibilité. En 
raison de Il’absence de tout courant 
d’entrée, on peut employer les électrodes 
de verre les plus robustes puisque leur 
trés grande résistance ne produit pas 
derreurs de linéarité. Ceci est particu- 
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liérement important lorsqu’on travaille 
dans une gamme é¢tendue de tempéra- 
tures. La sensibilité est élevée (100 #A/ 
pH) et l'on peut donc employer plusieurs 
enregistreurs extérieurs, indicateurs, con- 
trdleurs et systémes d’alarme a partir du 
méme amplificateur et, si nécessaire, il 
peuvent étre placés A quelque distance. 

L’instrument assure la compensation 
de température automatique compléte 
dans la gamme de 0 a 100°C et le modéle 
standard effectue des mesures de 2 a 
12 pH. 


EE 31 773 pour pius amples renseignements 


AMPLIFICATEURS EN PONT DE COURANT 
ALTERNATIF ET BLOC D’ALIMENTATION 
(Illustration a la page 189) 

Ce matériel est fabriqué selon les 
spécifications du Royal Aeronautical 
Establishment, Farnborough. Il _ est 
entitrement transistorisé et a circuits 
imprimés, afin de le rendre plus compact 
et facile A produire. 

L’amplificateur type IT 1-13-51 a été 
congu pour l'emploi avec des accéléro- 
métres a inductance push-pull et con- 
tient les circuits intégrateurs nécessaires 
a lenregistrement du “déplacement” au 
moyen d’oscillographes, de galvanométres 
ou d'enregistreurs & bande magnétique 
de modulation de fréquence dans la 
gamme de 5 a 100 Hz. 

L’amplificateur type IT-12-51 a été 
étudié pour I'emploi avec des extenso- 
métres a fil résistant et comporte des 
résistances en pont d'une extréme stabi- 
lité et a coefficients de température 
accordée. Cet élément enregistre égale- 
ment le “déplacement”™ au moyen 
d’oscillographes, de galvanométres ou 
d’enregistreurs a bande magnétique de 
modulation de fréquence et sa gamme 
de fréquences s’étend de zéro & environ 
1 kHz. 

Le bloc d’alimentation type IT-1-13-52 
comprend les circuits d’alimentation de 
six, de deux ou de l'un ou l'autre des 
types précités d’amplificateur et il fournit 
aussi le signal de fréquence porteuse 
pour l’excitation des ponts transducteurs 
et la démodulation des six amplifica- 
teurs. La fréquence porteuse est de 2 ou 
de 3 kHz, le changement s’effectuant par 
liaison intérieure. 

Tous ces appareils fonctionnent sur 
tension continue normale d’avion de 27 
a 29V. Il existe également des éléments 
a indicateur pour les deux types d’ampli- 
ficateur. ‘ 


EE 31 774 pour plus amples renseignements 


RACAL INSTRUMENTS LTD 
Western Road, Bracknell, Berkshire 
FREQUENCEMETRE NUMERIQUE 
(Illustration a la page 189) 

Le fréquencemétre SA.505 combine les 
techniques les plus récentes du transistor 
en un instrument compact et autonome, 
et il convient a toutes les applications 
de laboratoire dans le domaine de la 
mesure de fréquence, de période et 
d'intervalle de temps. 
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Un indicateur @ sept chiffres en série 
est incorporé au fréquencemétre pour 
Vaffichage continu. On peut, en outre, 
effectuer la mesure de fréquence directe 
d’ondes sinusoidales et de  signaux 
dimpulsions dans la gamme de 0 a 
10 MHz, ainsi que la mesure d’intervalle 
de temps entre deux impulsions négatives 
ou positives dans la gamme de 0,1 psec 
& 10* sec. La mesure de période peut 
aussi étre effectuée dans 1,10 et 100 
cycles de la fréquence inconnue, avec une 
précision allant jusqu’é | partie dans 10°. 
La précision de la mesure de fréquence 
est de +1 compte + la stabilité du 
cristal intérieur qui est de 1 partie dans 
10’. On peut, en outre, assurer le fonc- 
tionnement a partir d'un étalon de fré- 
quence extérieur de 100 kHz ou 1 MHz. 

L’instrument fournit des sorties numé- 
riques sous forme de fermetures de con- 
tact de relais, permettant une lecture a 
distance directe ou en variante. Un 
enregistrement numérique imprimé peut 
étre obtenu en utilisant le sérialisateur a 
10 directions type SA.138 actionnant une 
machine imprimeuse Addo X. 


EE 31 775 pour plus amples renseignements 


W. H. SANDERS (ELECTRONICS) 
LTD 
Geanels Wood Road, Stevenage, Hertfordshire 
DETECTEURS DIRECTIONNELS MULTI-TROUS 
(Illustration a la page 189) 

Ces détecteurs directionnels de mesures 
multi-trous sont fournis dans les gran- 
deurs 12, 14, 15, 16, 18 et 22 de guide 
d’ondes et couvrent la bande compléte 
de 3,95 GHz a 40 GHz. 

Iis emploient des ouvertures circulaires 
comme éléments de couplage entre les 
parois larges des deux guides d'ondes, 
disposés en faisceau de Tschebyshef. 


L’avantage principal de ce dispositif 
réside dans le fait que la directivité peut 
étre effectuée a trés large bande sans 
détérioration prés des extrémités de 
bande, comme dans le cas du faisceau 
binome. Il est donc possible de réaliser 
des détecteurs ayant une _ directivité 
supérieure & 40 dB dans la gamme com- 
pléte de fréquences, avec une sensibilité 
de fréquence de couplage de +0,5 dB et 
une précision de couplage moyen de 
+0,3 dB. 


EE 31 776 pour plus amples renseignements 


STANDARD TELEPHONES 
& CABLES LTD 

Connaught House, Aldwych, London, W.C.2 
TRANSISTORS EPITAXIAUX 

L’épitaxe est un processus dans 
lequel on forme une couche de matiére 
semi-conductrice par dépét de gaz, tel 
que le bi-iodure de germanium, a une 
température élevée, sur un cristal “germe” 
a une temperature inferieure. La matiére 
ainsi déposée a la méme orientation 
piézoélectrique que le germe. 

Dans la plupart des transistors a 
jonction par diffusion, la matiére formant 
la partie collectrice doit avoir une grande 
résistivité afin d’atteindre une tension 
disruptive collectrice élevée. Une limite a 
eté imposée jusqu’ici & la minceur de la 
partie collectrice par les problémes 
mécaniques posés par la manipulation de 
transistors faits de tranches trés minces 
de matiére. Par conséquent, une tension 
disruptive élevée n’a pas été compatible 
avec de bonnes caractéristiques de satura- 
tion (c'est a dire une faible résistance 
série collecteur). 

Dans le cas des transistors épitaxiaux, 
on dépose une couche trés mince de 
matiére A grande resistivité sur un des 
cétés d'une tranche de matiére a faitle 


résistivité. Le transistor est ensuite 
fabriqué par diffusion de corps solides 
dans la matiére a grande résistivité, par 
la méthode courante. La matiére a faible 
résistivité (germe) agit simplement comme 
“appui” des transistors et leur donne la 
puissance mécanique. 

Le transistor qui en résulte a des 
caractéristiques de saturation nettement 
meilleures et l'emploi de l’épitaxie assure 
une plus grande souplesse a la réalisation 
de dispositifs car l’interdépendance de 
certains des paramétres du transistor est 
considérablement réduite. Ceci peut 
donner des temps de commutation rapides 
et une capacité de sortie plus faible. 

EE 31 777 pour plus amples renseignements 


VENNER ELECTRONICS LTD 

Kingston By-Pass, New Malden, 
VOLTMETRE-OHMMETRE NUMERIQUE 
(Illustration a la page 189) 

Cet instrument peut mesurer des ten- 
sions de | mV & 1,1 kV c.a. ou c.c. et 
une résistance allant jusqu’ a 1,1 mégohm. 

Les résultats sont clairement affichés 
par quatre indicateurs de projection en 
série d'un nouveau modéle, avec indica- 
tion automatique de signes, et peuvent 
étre enregistrés par couplage direct a un 
imprimeur Venner ou a un élément de 
commande de reperforateur. 

Le voltmetre-ohmmétre accomplit de 
nombreuses autres fonctions numériques 
et il se préte au fonctionnement en tant 
qu’appareil unique ou pour linclusion 
dans n’importe quel systéme d’enregistre- 
ment de données 

Il n’emploie pas de commutateurs ou 
de relais pas-a-pas et il se compose 
d’étages a fiches transistorisés. Il fournit 
des lectures stables avec entrée fluctuante 
et il est d'un fonctionnement simple. 


EE 31 778 pour plus amples renseignements 
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Résumés des Principaux Articles 


Circuits d’automation 4 tubes 4 cathode froide 


par R. S. Sidorowicz 


Les éléments suivants de circuits a tubes a cathode froide sont décrits dans cet article: (1) quatre 


amplificateurs d’impulsions différents; 


(2) quatre circuits a@ retard ou univibrateurs différents; 


(3) trois compteurs binaires, trois compteurs toroidaux et un compteur toroidal reversible ou 
bidirectionnel; (4) trois circuits logiques ““OU” différents et deux circuits logiques “ET”; (5) une 
matrice de décalage ou registre; (6) six oscillateurs et multivibrateurs différents; (7) un circuit 
de commande pour tube d’affichage numérique. Les circuits sont basés sur des résistances, des 


Résumé de I’ article 
aux pages 138 d 143 


condensateurs et trois types de triodes a cathode froide (types: XC18, XC23 et XC24). 
stabilisateur a cathode froide subminiature, type ZC12T est utilisé comme source de tension stable de 
polarisation ou d’amorcage. Tous les éléments de circuits sont a auto-amorcage et ils reviennent 


Un tube 


automatiquement @ leur position de repos aprés avoir complété leur cycle de fonctionnement. Ces 
elements forment une série logique de circuits a tubes a cathode froide pouvant étre utilisés pour 
l'étude de systémes d’ automation industriels. La méthode consistant a combiner les circuits de fagon 
a construire un ensemble assez complexe est demontrée par trois exemples pratiques; une échelle 
électronique, un compteur de lots 4 programme et un dispositif de contréle électronique. Les systémes 
formés de circuits a rubes a cathode froide emploient des contacteurs mécaniques, des commutateurs 
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et des photorésistances comme dispositifs d’ entrée, ceux de sortie étant constitués par des relais electro- 
magnétiques. Les systémes nécessitent une alimentation stabilisée unique de + 180V et peuvent 
fonctionner a des vitesses de plus de 100Hz. 


Un convertisseur analogique-numérique a action rapide par N. Winterbottom et J. S. Walters 


Dans les nombreux cas oi de grandes quantités de données sont dépouillées par ordinateur 
électronique, ces données se trouvent tant sous forme numérique qu'analogique dans diverses parties 
du dispositif. En pareils cas, il est donc nécessaire de convertir les données analogiques en données 
numériques. 

Les auteurs décrivent un convertisseur analogique-numérique a action rapide, capable d'effecteur 
55 000 conversions par seconde d’une tension analogique a un code binaire a huit chiffres. Ce 
convertisseur utilise des transistors comme éléments actifs. 


Résumé de I'article 
aux pages 144 d 149 


Une nouvelle horloge 4 indications numériques par A. Russell 


L’auteur décrit la conception et le fonctionnement d'une nouvelle horloge a indications numériques 
qui enregistre le mois, le jour, l'heure, la minute, le numéro de l’expérience et le numéro de I’ essai 
sur des indicateurs en série éclairés. Tous ces renseignements, ainsi que l’année, sont fournis en mode 

Résumé de I'article le lecture série et peuvent étre enregistrés sur bande de papier perforé ou tapés sur machine a écrire 
aux pages 150 4 154 électrique a fonctionnement solénoidal. La méthode de réenclenchement employée permet d’établir 
rapidement de nouvelles configurations. L’étalon existant de fréquence de laboratoire fournit les 
impulsions a intervalles réguliers actionnant la partie calendrier, qui sert donc de contréleur de la 

précision @ long terme de cet étalon de fréquence. 


Un générateur de fonctions de pression 4 usages multiples par J. Morrison 


L’ auteur décrit un générateur de fonctions de pression pour calculateur analogique, pouvant fournir 

Résumé de I'article des fonctions sinusoidales, carrées, triangulaires, de rampe, a plots ou d’impulsions, d’une précision 

aux pages 1550159 de}% de l’échelle totale en fréquence et en amplitude. La gamme de fréquences s’étend de 0,001 Hz 
a 100Hz, et le générateur peut étre commande a partir du calculateur ou indépendamment. 


Un diagramme d’étude pour antennes 4 réflecteurs paraboliques par C. O. Titley 


Le réflecteur parabolique se caractérise par une surface de réflexion intérieure ayant la forme de la 
surface de réflexion produite par la rotation d’une parabole autour de son axe de symétrie. Ce 
réflecteur a la propriété particuliére de produire un rayonnement en phase sur toute son ouverture, 
lorsqu’il est éclairé de maniére uniforme, a son foyer, par une source ponctuelle. Ceci explique les 
nombreuses applications que trouvent les miroirs paraboliques dans l'optique et la radioélectricité. 
Le diagramme présenté ici a été concgu afin d’aider les travaux d’étude de réflecteurs pour antennes 
radioélectriques. 


Résumé de I'article 
aux pages 162 d 163 


Filtres passe-bande en échelle en céramique piézoélectrique par R. C. V. Macario 


La céramic piézoélectrique, qui se caractérise par des coefficients de couplage électromécanique 
élevés et des facteurs de surtension moyens, se préte fort bien a la fabrication de filtres passe-bande 
en échelle d'un aspect attrayant et en forme de petits disques circulaires 4 résonnance radiale en 


Résumé de I’article liaison avec des condensateurs ou sans ces derniers. 


aux pages 171 4 177 Le présent article examine les possibilitiés de réalisations pour divers circuits, présentées sous 
forme de graphiques dont les tables sont constituées par des données précises d’étude et de calcul. 
Ces derniéres sont basées sur la théorie des paramétres d’image, corroborée par comparaison avec les 
réponses de filtres réels. L’article considére également les gammes de fréquence médiane, de largeur 
de bande et d’impédance d’ image pouvant étre obtenues. 
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Beschreibung einer kleinen Auswahl der auf der 45. Austellung der Physical Society vom 
16. bis 20.Januar in London gezeigten elektronischen Gerite nach Angaben der Hersteller 


ADVANCE COMPONENTS LTD 
Roebuck Road, Hainault, Uford, Essex 
TON-SPEKTROMETER 


(Abbildung Seite 184) 


Der Advance-Tonanalysator ist ein 
genaues, stabiles und leichtes Gerait mit 
eingebauten Batterien, in sich abgeschlos- 
sen und nach fortschrittlichsten Richt- 
linien fiir Tonmessungsaufgaben und 
-analysen entwickelt. Mittels der einge- 
bauten Oktavfilter kénnen  schnelle 
Analysen selbst komplexer Spektren 
vorgenommen werden. Mit einem geeig- 
neten Schwingungsaufnehmer kénnen 
auch Untersuchungen mechanischer 
Schwingungen im Tonfrequenzbereich 
durchgefiihrt werden. Der SPM.1 ist 
besonders fiir Geriuschmessungen an 
Flugzeugen, Fahrzeugen und Maschinen 
geeignet sowie fiir Analyse von Geriu- 
schen in Biirordumen, in denen der 
Sprach-Stérpegel wichtig ist. 


Das Gerat besteht aus einem sehr 
kleinen Kristallmikrofon, einem sechs- 
stufigen, durch hohe Gegenkopplung 
stabilisierten Verstérker, 8 wahlweise 
umschaltbaren Bandfiltern und einem in 
Dezibel geeichten Drehspulinstrument. 
Ein eingebautes Daimpfungsglied mit 5 
Stufen von je lo dB iiberstreicht einen 
Bereich von 30...80 dB, und ein zusitz- 
liches Diampfungsglied hat 3 Stufen von 
je 20 dB fiir den Bereich 0...60 dB. Der 
Gesamtbereich des Gerites einschliess- 
lich der Instrumentanzeige liegt zwischen 
20 dB und 150 dB bezogen auf den 
Standard-Tondruckpegel 2°:10-* mbar 
(—2:10° N/m’). Tonfrequenzen’§ im 
Bereich von 20 Hz...12 kHz kénnen 
gemessen und mit Hilfe der eingebauten 
Filter in Oktavbandern analysiert wer- 
den. Die eingebauten Batterien kénnen 
mit dem Drehspulinstrument  gepriift 
werden. 


EE 31 751 fiir weitere Einzelheiten 
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Ubersetzung der Seiten 184 bis 189 


AIRMEC LTD 
High Wycombe, Bockinghamshire 
OSZILLOGRAF MIT HOHER SCHREIB- 
GESCHWINDIGKEIT 
(Abbildung Seite 184) 

Der Oszillograf Type 294 ist ein 
vielseitiges Laborgerat. Sein umfassender 
Ablenkzeitbereich, der Breitbandfre- 
quenzgang (0...50 MHz) und die kurze 
Anstiegszeit des Y-Verstirkers eignen 
sich besonders fiir Arbeiten mit kurzen 
Impulszeiten. Durch die genaue Eichung 
der Zeitablenkung und des Ablenkungs- 
verstirkers, die vorgesehenen Zeit-und 
Spannungsmarken und umfangreichen 
Vorkehrungen fiir Zeitablenkverzége- 
rung und Triggerung ist das Gerat fiir 
universelle Labormessungen geeignet. 

Mit der internen Zeitablenkung syn- 
chronisierte Ausgangsimpulse ermég- 
lichen Verwendung fiir Arbeiten mit 
komplexen elektronischen Anlagen. Ein- 
malige Zeitablenkung, regelbare Flut- 
beleuchtung des Rasters und umschalt- 
bare Nachbeschleunigungspegel férdern 
das Fotografieren der Spur. Die farbenge- 
kennzeichneten, logisch angeordneten 
Bedienungsknépfe erleichtern zuverlas- 
siges Arbeiten. 

Das gesamte, von einer bekanntzen 
franzésischen Firma entwickelte und von 
Airmec unter Lizenz gebaute Gerit 
besteht aus dem Sichtgeraét, das zur 
besseren Beobachtung schrig in einem 
Stahlrohrstand mit Laufrollen angeordnet 
ist, und dem im Stand unten eingebauten 
Netzgerat. Filtrierte, zwangslaufige 
Luftkiihlung und Verwendung von 
Qualitats-Bauelementen tragen zu héch- 
ster Betriebssicherheit bei. 

EE 31 752 fiir weitere Einzelheiten 


CAWKELL RESEARCH 


& ELECTRONICS LTD 
Scotts Road, Southall, Middlesex 
FERNSEH-SPEICHEROSZILLOGRAF 


(Abbildung Seite 184) 
Das Tele-Remscope ist ein Bildmonitor 
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fir Fernsehanlagen im  Kurzschluss- 
betrieb, dessen Hauptvorteil ist, dass das 
Bild durch Betitigung einer Drucktaste 
oder eines Schalters “festgehalten” wer- 
den kann. 

Das Tele-Remscope kann mit 405 
oder 625 Zeilen und 50 Hz Bild- 
frequenz oder 525 Zeilen und 60 Hz 
betrieben werden und bendétigt ein 1,5 V 
positivgehendes Video-Eingangssignal. 
Jede beliebige Bildzahl von 1!...4 kann 
gespeichert und bis zu 15 Minuten auf 
dem Schirm der English Electric Spei- 
cherréhre E 702 gezeigt werden. Der 
Schirm hat einen Durchmesser von 10 
cm und ruft eine gelb-griine Fluoreszenz 
(P 20) hervor. 


EE 31 753 fiir weitere Einzelheiten 


DAWE INSTRUMENTS LTD 
99-101 Uxbridge Road, Ealing, London, W.S 


N F-GERAUSCHGENERATOR 
(Abbildung Seite 184) 


Der Geriuschgenerator fiir sehr 
niedrige Frequenzen Type 418 erzeugt 
elektrische Geradusche mit einem Fre- 
quenzspektrum, das von 0...200 Hz 
innerhalb +0,5 dB gleichférmig ist. 


Die Geriduschquelle des Gerites ist 
eine Thyratronréhre, die im Spektrum 
des Tonbereiches gleichférmiges elek- 
trisches Rauschen erzeugt. Die Gerdusch- 
leistung wird durch ein _ verhiltnis- 
miassig breitbandiges Filter mit einer 
Mittelfrequenz von 2 kHz in eine Modu- 
lator-Schaltung gespeist, in der sie mit 
dem Ausgang eines Grtlichen 2 kHz- 
Festfrequenz-Oszillators gemischt wird. 

Der Modulatorausgang geht durch ein 
Tiefpassfilter, um die HF-Modulations- 
produkte zu entfernen. Das NF-Signal 
wird an einen’ gleichspannungsgekop- 
pelten Verstirker mit niederohmigem 
Kathodenverstérker angelegt, der die 
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Ausgangsklemmen und das Anzeige- 
instrument speist. Das Messgerat ist in 
Effektivwerten des regellosen Rauschens 
geeicht. Der Ausgangspegel kann mittels 
eines Potentiometers, das die Verstir- 
kung dndert, kontinuierlich  geregelt 
werden. Hohe Stabilitat des eingestellten 
Leistungspegels und geringe Gleichspan- 
nungsdrift werden durch Benutzung 
stabilisierter Hoch- und Niederspan- 
nungsquellen und durch __ reichliche 
Gegenkopplung im Verstirker erzielt. 
Der grosse dynamische Bereich des 
Verstarkers gewahrt regellose Ampli- 
tudenverteilung mit unwesentlichem 


Abkappen der Wellenform bis zur vollen 
Nennleistung. Das Gerit ist eine Ent- 
wicklung der von D. A. Bell und A. M. 
Rosie der Universitat Birmingham aus- 
gearbeiteten Originalschaltung. 


EE 31 754 fiir weitere Einzelheiten 


NF-WOBBELSENDER 
(Abbildung Seite 185) 


Der NF-Wobbelsender Type 444 
befriedigt den Bedarf fiir einen verzer- 
rungsarmen Oszillator mit RC-Abstim- 
mung, der in einem Bereich die 
Frequenzen 5 Hz... 5 kHz iiberstreicht. 
Der Oszillator gibt eine konstante Aus- 
gangsspannung ab und hat eine Fre- 
quenzskala mit genauer logarithmischer 
Eichung. Die Wobbelsteuerung erfolgt 
durch einen Ejigenmotorantrieb, der so 
ausgelegt ist, dass verschiedene Wobbel- 
geschwindigkeiten zwischen beliebigen 
Frequenzgrenzen miglich sind. Auto- 
matische Umkehr der Wobbelrichtung 
bei Erreichung der Grenzfrequenzen 
kann eingestellt werden. Andererseits 
kann jederzeit durch Fernsteuerung die 
Richtung ungekehrt oder die Uber- 
streichung angehalten werden. 


Im wesentlichen besteht die Schaltung 
aus einer frequenzbestimmenden Briicke, 
die einen symmetrischen Gegentaktver- 
stirker mit Kathodenverstarkerausgang 
speist. 

Das frequenzbestimmende Netzwerk 
besteht aus einer abgewandelten Wien- 
Briicke, in der die Arme mit reinem 
Widerstand durch komplexe RC-Netz- 
werke ersetzt wurden. Bei einem Kapazi- 
titsverhdltnis des Abstimmkondensators 
von 10:1 erweitern sie den Frequenz- 
bereich konstanter Phasenverschiebung 
auf iiber 1000: 1. Der besonders fir 
eine wirklich logarithmische Skala 
konstruierte Abstimmkondensator hat 
eine Rotorspindel, die laufendes Drehen 
ohne Anschlag erlaubt. 

Durch einen Motorantrieb mit Getrie- 
bekasten sind im Bereich 0,2... 10 
Oktaven/min sechs Wobbelgeschwindig- 
keiten einstellbar, und durch einstellbare 
Grenzschalter kann jeder  beliebige 
Bereichabschnitt iiberstrichen werden. 

Die Uberstreichung kann auch mittels 
der Fernbedienungseinheit Type 444/1 
gesteuert werden. Das Durchlaufen der 
Frequenzen kann dann vorwirts oder 
riickwarts erfolgen und jederzeit gestoppt 
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werden. Andererseits kann die Frequenz- 
skala manuell auf jede beliebige Fre- 
quenz eingestellt werden. 


Das Briickensignal wird in den sym- 
metrischen Gegentaktverstirker gespeist, 
der direkt mit der folgenden Kathoden- 
verstarkerstufe gekoppelt ist. Die Gegen- 
kopplung erfolgt von der Kathode der 
Ausgangsstufe zum Gitter der Verstairker- 
réhren. Im Widerstandsarm der Briicke 
ist ein warmeempfindliches Widerstands- 
element vorgesehen, das den Amplituden- 
pegel der Schwingungen im geradlinigen 
Bereich des ausgeglichenen Verstirkers 
stabilisiert. In Verbindung mit der 
starken Gegenkopplung harmonischer 
Frequenzen wird dadurch gute Stabilitat 
und geringe Verzerrung der Sinuswelle 
am Ausgang gewiahrleistet. 

Innerhalb der gesamten Gegenkopp- 
lungsschleife findet auch eine geregelte 
Mitkopplung der Ausgangsstufe statt, die 
den Ausgangswiderstand des Kathoden- 
verstirkers praktisch auf Null reduziert. 
Die Ausgangsklemmen werden vom 
Kathodenverstarkerausgang tiber_ ein 
Doppelpotentiometer gespeist, 

An den Klemmen stehen Gegentakt- 
ausgangsspannungen bis zu 12V_ bei 
einem Abschluss von 10 k2 zur Ver- 
fiigung. Der Ausgangspegel ist kon- 
tinuierlich von Maximum bis Null 
regelbar. 
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DYNATRON RADIO LTD 
Maidenhead, Berkshire 


TESTGERAT FUR DIE KERNTECHNIK 


Im Testgerat Type N 107 sind ein 
Doppelimpulsgeber und ein Anzeigeos- 
zillograf kombiniert. Es wurde besonders 
fiir die Wartung der in der Kerntechnik 
tiblichen Gerite entwickelt wie z.B. 
Impulsverstirker, Diskriminatoren, 
Untersetzer, Mittelwertmesser und Im- 
pulshéheanalysatoren. Ein Hauptmulti- 
vibrator steuert die Impulsfolgefrequenz 
des Impulspaares. 

Das Haupt-Impulsfolgefrequenzsignal 
triggert (1) einen Impulsbreitegeber und 
(2) eine abfallende Siagezahnstufe. Der 
in (1) erzeugte feste Impuls wird ampli- 
tudenbegrenzt und dann einem Ampli- 
tudensteuerpaar zugefiihrt, so dass 
positiv- oder negativgehende Impulse 
gewahit werden kénnen. Ein doppelter 
Kathodenverstirker speist entweder die 
Ausgangsklemmen des Testgerites oder 
einen weiteren Abschwichungsregler. 
Die in (2) eingeleitete Kippschwingung 
liefert die X-Zeitablenkung fiir den X- 
Verstarker des Oszillografen und speist 
auch ein Amplitudentor. Sowie der 
Saigezahn den durch den Impulsabstand- 
regler ceingestellten Torpegel kreuzt, 
wird dhnlich wie bei (1) in einem 
Impulsbreitegeber der bewegliche (zweite) 
Impuls erzeugt, der genau so behandelt 
wird wie der erste (feste) Impuls, d.h. 
begrenzt, einem Amplitudensteverpaar 
und dann dem Ausgangskathodenver- 
stirker zugefiihrt wird. Durch den Im- 
pulsgeber steht daher ein positiv- oder 
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negativgehendes Impulspaar mit unab- 
hangig voneinander steuerbarer Breite 
und Amplitude zur Verfiigung, in dem 
der Abstand der Impulse voneinander 
regelbar ist. Der feste Impuls oder der 
bewegliche zweite Impuls kénnen bei 
Nichtbenutzung abgeschaltet werden. 
Die Geriteausriistung wird durch einen 
Y-Verstirker vervollistindigt, der auf 
Breitbandfrequenzgang und _ mittlere 
Verstirkung oder hohe Verstirkung mit 
beschrinktem Frequenzgang umstellbar 
ist. Amplituden werden mittels eines 
Y-Verschiebungssystems gemessen. 
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E.M.I. ELECTRONICS LTD 
Hayes, Middlesex 


VORVERSTARKER 

Der Vorverstirker Type 7/5 wird im 
Programm der Einschub-Bausteine fiir 
den Oszillografen W.M.16 hergestellt. 

Der Baustein hat dieselben Anwen- 
dungsméglichkeiten wie der Breitband- 
verstirker 7/1, gibt jedoch zusitzlich bei 
Wechselspannungskopplung die 10fache 
Verstirkung, wodurch bei verringerter 
Bandbreite eine Héchstempfindlichk:it 
von 5mV/cm erzielt wird. 

Der Vorverstirker wird von vorn in 
den Traiger des W.M.16 eingeschoben 
und somit an die Versorgung des Haupt- 
geriites angeschlossen. 

Ein dreistufiger Eingangswahlschalter 
stellt folgende Kombinationen von Band- 
breite und Empfindlichkeit ein: 

Gleichspannung: Anstiegszeit 10 ns; 
Bandbreite 0...40 MHz; Empfind- 
lichkeit SOmV/cm...20V/cm_ in 
neun umschaltbaren und geeichten 
Bereichen. 

Wechselspannung: Anstiegszeit 10 ns, 
Bandbreite 3Hz...40 MHz; Emp- 
findlichkeit 50 mV/cm ... 20 V/cm. 

Wechselspannung xX 10: Anstiegszeit 
16ns; Empfindlichkeit 5 mV/cm... 
2 V/cm in neun umschaltbaren und 
geeichten Bandern. Eingangs-Zeit- 
konstante 0,05 s. 
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DIFFERENZVERSTARKER 


(Abbildung Seite 185) 


Der Differenzverstirker 7/6 ist ein 
weiterer Einschub-Baustein fiir den 
Oszillografen W.M.16. Er bietet die 
Moglichkeit, zwei Einginge entweder 
getrennt oder als Differenz, entweder 
gleich- oder wechselspannungsgekoppelt 
zu beobachten. Amplitudenmessungen 
kénnen entweder mittels Skala oder Ra- 
sterscheibe durchgefiihrt werden. Nur der 
Eingang B bildet eine Ausnahme, wenn 
er fiir Gleichspannungskopplung benutzt 
wird. In dieser Position wird die Messung 
auf der Rasterscheibe vorgenommen. 


Jeder Kanal hat cinen getrennten 
Dampfungsregler ftir Anderung der 
Empfindlichkeit von 50 mV/cm...20 V/cm 
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in neun Bereichen. Kontinuierliche Rege- 
lung der Verstirkung zwischen den 
Rasterpunkten des Dampfungsgliedes 
erfolgt mittels eines Feinreglers. 


Die Bandbreite ist 0 ...25 MHz oder 
4Hz...25MHz und die Anstiegszcit 
16ns. Bei voller Verstirkung ist das 
Unterdriick ungsverhiltnis iiber das 
Durchlassband bei Gleichspannungskopp- 
lung besser als 100: 1 und von 10Hz... 
25 MHz bei Wechselspannungskopplung 
besser als 100: 1. 
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ELECTRONIC TUBES LTD 
Kingsmead Works, High Wycombe, 
Backinghamshire 
SPEICHER PHOSPHORE 


Die Eigenschaften einer mit dem neuen 
Schirmmaterial ausgeriisteten Standard- 
Elektronenstrahiréhre wurden vorgefiihrt. 

Wenn der Schirm erstmalig erregt 
wird, entsteht eine blaue Fluoreszenz, die 
der eines iiblichen, zweischichtigen Phos- 
phors mit langer Nachleuchtdauer ahn- 
lich ist. Darauf folgt Nachleuchten, dessen 
Dauer der von zwei Phosphorschichten 
vergleichbar ist; jedoch ist die Nach- 
leuchtfarbe des Schirmes griin. 


Aber selbst nachdem das Nachleuchten 
volistandig abgeklungen ist, kann von 
diesem Schirm noch weitere Information 
abgelesen werden. An den Stellen des 
Phosphors, die erregt wurden, sind noch 
gewisse Energiebetrige gespeichert, die 
bei infraroter Beleuchtung freigegeben 
werden. Die Helligkeit des gespeicherten 
Bildes hingt von der Intensitét der infra- 
roten Quelle ab, von der auch die bis 
zur Bildausléschung zur Besichtigung zur 
Verfiigung stehende Zeit beeinflusst wird. 
Ein bestimmter Energiebetrag ist gespei- 
chert: erhéhte infrarote Quellenintensitat 
reduziert die Betrachtungsdauer und 
umgekehrt. 


Es ist weiterhin sehr zweckdienlich, 
dass das gespeicherte Bild nicht nur 
einmal bis zur Ausléschung betrachtet 
werden kann, sondern dass mehrere 
kurze Betrachtungen hintereinander und, 
wenn erforderlich, im Abstand von 
mehreren Minuten erfolgen kénnen. 


Natiirlich hangt in einem derartigen 
Speicher die gespeicherte Energie direkt 
von der Erregungsintensitat ab. Der 
Speicherwirkungsgrad ist verhaltnismassig 
gering und hohe Schreibgeschwindig- 
keiten sind unmdglich. Deshalb wird der 
Phosphor auch nicht fiir Réhren mit 
niedrigen Anodenspannungen empfohlea, 
da die Energie in diesen Fallen zu gering 
ist. 

Grundsitzlich kann der Phosphor fiir 
jede beliebige von Electronic Tubes Ltd 
hergestellte Elektronenstrahlréhre benutzt 
werden, jedoch werden Réhren fiir 
niedrige Spannungen des  begrenzten 
Nutzens wegen nicht mit diesem Phos- 
phor hergestellt. 
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ELLIOTT BROTHERS (LONDON) 
LTD 
Century Works, Lewisham, London, S.E.19 
AUTOMATISCHER LEITUNGSPRUFER 


(Abbildung Seite 186) 


Dieses Gerit 
vollautomatischen 


wurde zur laufenden 

Priifung komplexer 
Kabelbaume oder dhnlicher Konstruk- 
tionen durch Programmierung § des 
Gerites mit den Testbedingungen 
entwickelt. 

Das vorgefiihrte Modell kann die 
folgenden Tests an bis zu 600 Leitungs- 
abschliissen ausfiihren, wobei jeder 
Abschluss gegen jeden anderen gepriift 
wird: 

(1) Widerstand 0... 10002. 

(2) Stromfahigkeit nicht hoher als 

0,52. 

(3) Isolation zwischen Leitungen hoéher 

als 20 M®. 

(4) Isolation 

20 M2. 

Durch ein vorgegebenes Programm 
kénnen alle aufgefiihrten Priifungen fiir 
jedes beliebige Abschlusspaar ausgefiihrt 
werden. Die Befehle sind auf einem 
25.4mm breiten Magnetband entspre- 
chend einer Kabel- oder Abschlussauf- 
stellung fiir die zu priifende Leitungs- 
anordnung aufgezeichnet. Diese Leitungs- 
anordnung wird mit dem Leitungspriifer 
in genormter Nummernfolge verbunden, 
die mit der Abschlussaufstellung und den 
Programmnummern iibereinstimmt. 

Mit 600 Abschliissen sind 180 300 
Priifkombinationen miéglich. Dieses 
umfassende Programm kann auf einem 
3m langen Magnetband aufgezeichnet 
werden. 

Weitere Entwicklungsarbeiten werd2n 
den Einsatz des Geriites zur Priifung fast 
aller elektronischen/elektrischen Schal- 
tungen mit geringstem Arbeitsaufwand 
erméglichen. Eine automatische Fehler- 
registrierung mittels eines Code-Druck- 
werkes ist auch im Entwicklungsstadium. 
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gegen Erde hodher als 


NORMALFREQUENZ-EMPFANGER 


Dieses Gerit ist fiir den Empfang der 
Droitwich 200 kHz Normalsendung 
bestimmt, deren Konstanz besser als 
ungefahr 20°10-* ist und den zusatz- 
lichen Vorteil hat, fast taglich um 10.30 
GMT mit dem Caesium-Resonator des 
National Physical Laboratory verglichen 
zu werden. Die Ausgangsleitung dieses 
Empfangers ist von der Modulation 
vollkommen unabhiangig 

Der Normalfrequenz-Monitor erzeugt 
die folgenden Frequenzen von _ einer 
hochohmigen Quelle: Sinuswellen mit 
5 V doppeltem Spitzenwert auf 50, 100, 
200 und 400 Hz sowie 20 und 200 kHz: 
Rechteckwellen mit 2 V doppeltem Spit- 
zenwert auf 50, 100, 200 und 400 Hz. 

Im Sonderauftrag kénnen andere 
Mehrfache der niedrigen Frequenzen mit 
Ausnahme der 200 kHz—und 20 kHz 
Ausginge geliefert werden. 

An jede der Niederfrequenzquellen 
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kénnen zwei Regel-Verstirker geschaltet 
werden und Leistungsapparate treiben. 
Sie geben eine Ausgangsspannung bis zu 
20 Viz, ab. Ein Monitorlautsprecher ist 
auch vorgesehen. 
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VERSTARKER MIT VERHALTNISANZEIGE 
(Abbildung Seite 186) 


Dieses Gerat ist ein selektiver Ver- 
starker, dessen Verstarkung mittels einer 
elektrischen Spannung geregelt werden 
kann, und dem ein Briickengleichrichter 
und Anzeigeinstrument nachgeschaltet 
sind. 

Die gleichgerichtete Ausgangsspan- 
nung kann mittels eines externen Schalt- 
kreises iiber einen Gleichstromverstarker 
zur Verstéarkungsregelung des Systems 
zuriickgefiihrt werden. Ist der Schalter 
geschlossen, so ist die Instrumentanzeige 
iiber einen Eingangsspannungsbereich 
von 50dB innerhalb 1° konstant. Bei 
offenem Schalter wird die Verstérkung 
wahrend einer betraichtlichen Zeitdauer 
durch eine Schaltung mit einer Zeit- 
konstanten von einer halben Stunde 
weitgehend konstant gehalten. Jede 
Pegelinderung der Eingangsspannung 
wird dann am Instrument angezeigt. 
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MEHRKANAL-MAGNETBANDGERAT 
(Abbildung Seite 186) 


Das Gerit hat ein Bandtransport- 
system mit doppelten Bandantriebsrollen 
und Aufwickelvorrichtungen. Durch 
Drucktasten kénnen die fiinf Band- 
geschwindigkeiten eingestellt werden. Bei 
einer Geschwindigkeit von 76,2 cm/s 
kénnen Frequenzen bis zu 75 kHz auf- 
genommen werden. 


Mit einer Geschwindigkeit von 4,76 
cm/s und 25,4mm breitem Magnetband 
mit diinnem Tragermaterial steht eine 
Héchstaufnahmezeit von drei Tagen zur 
Verfiigung. Automatische Bandumkehr 
ist méglich, da Aufnahme- und Wieder- 
gabeképfe in zweifacher Anordnung 
vorgesehen sind. Zur Standardausriistung 
gehéren fiinf Einsteckképfe. Durch die 
Laufwerkkonstruktion, die die mit den 
Képfen in Beriihrung stehende Band- 
lange durch die doppelten Antriebsrollen 
von den Ablauf- und Aufnahmevorrich- 
tungen und durch diese auftretenden 
Stérungen isoliert, sind die Geschwindig- 
keitsschwankungen sehr gering. 


Das Gerat ist volltransistorisiert mit 
weitgehender Benutzung gedruckter 
Schaltungen. Durch Einschubbausteine 
kénnen sowohl direkte wie auch F.M.- 
Aufzeichnungen vorgenommen werden. 
Fernbedienung ist vorgesehen. Hauptver 
wendung des Gerites ist fiir Fernmess- 
werterfassung und Flugerprobung von 
Fernlenk-Flugkérpern und Flugzeugen. 
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ENGLISH ELECTRIC VALVE 
co. LTD 
Chelmsford, Essex 

BILDVERSTARKER 

Die mit hoher Verstaérkung arbeitende 
Bildverstérkerréhre hat eine Eingangs- 
photokathode, fiinf Sekundadrelektronen- 
Dynoden und einen Ausgangsleucht- 


schirm. Fiir den Betrieb sind eine Fokus- 
sierspule, optische Eingangs- und Aus- 
und Netzgerate erforder- 


gangssysteme 
lich. 

Das zu verstirkende Bild wird auf die 
Photokathode an einem Ende der Réhre 
fokussiert, die Photoelektronen werden 
beschleunigt und auf den ersten diinnen 
Dynodenfilm  fokussiert. Fiir  jedes 
Primdrelektron werden 5 oder 6 Sekun- 
direlektronen von der anderen Seite der 
Dynode abgegeben, die ihrerseits be- 
schleunigt und auf die zweite Dynode 
fokussiert werden. Dieser Vorgang wird 
an jeder Dynode wiederholt; die von der 
letzten Dynode abgegebenen Sekundir- 
elektronen werden auf den Leuchtschirm 
zu beschleunigt und bilden die verstarkt2 
Wiedergabe des Originalbildes geringer 
Lichtstarke. 

R6hren mit einer Photonverstarkuag 
von 100000 bis 200000 wurden herge- 
stellt. 7000 fache Verstairkung erfolgte ‘1: 
der fiinfstufigen Elektronenvervielfachung 
und die weitere Verstiarkung durch das 
Bombardement des Fluoreszenzschirmes. 

Der wirksame Durchmesser der Dyno- 
den ist 25.4mm. Der Durchmesser des 
Bildes kann zwischen der Photokathode 
und der ersten Dynode  verkleinert 
werden, so dass gegebenenfalls das 
Eingangsbild nicht auf 254mm _ be- 
schrankt zu werden braucht. In ahnlicher 
Weise kénnen gréssere Bilder auf dem 
Schirm hervorgerufen werden, wo das 
erforderlich erscheint. 
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BISTABILE ELEKTRONENSTRAHL- 
SPEICHERROHRE 

Fir die Auftreffelektrodengruppe der 
E710 Speicherréhre fiir Direktbetrach- 
tung wurden neue Entwicklungswege 
eingeschlagen. Die neue Konstruktion ist 
weniger der Gefahr ausgesetzt, durch 
einen zufallig angelegten hohen Strahl- 
strom beschddigt zu werden, wodurch die 
zugeordneten Schaltungen  vereinfacht 
werden kénnen. 

Die Réhre speichert Information fiir 
unendliche Zeit und kann die gespei- 
cherte Wellenform entweder dauernd 
oder mit Unterbrechung wiedergeben. 
Zwei oder mehr Signale kénnen gespei- 
chert, gleichzeitig sichtbar gemacht und 
augenblicklich geléscht werden, wenn sie 
nicht linger erforderlich sind. 

Die E710 hat einen Strahlerzeuger, 
dessen Strahl elektrostatisch abgelenkt 
und fokussiert dem Speichergitter mit 
einem Punktdurchmesser von 0,25 mm 
ein Ladungsmuster aufdriickt. Ein zweiter 
Strahlerzeuger iiberstreicht das Speicher- 
gitter dauernd, um das Signal aufrecht 
zu erhalten und auf dem Phosphor 
darzustellen. 

EE 31 765 fiir weitere Einzelheiten 
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MARCONI INSTRUMENTS LTD 
St. Albans, Hertfordshire 
NF-GENERATOR 


(Abbildung Seite 187) 


Dieser neue Generator erzeugt Sinus-, 
Rechteck- und Kippschwingungen, die 
durch Schalterbetaétigung gewahit werden 
kénnen. Der durchstimmbare Frequenz- 
bereich von 0,0033 Hz ... | kHz ist in fiinf 
iiberschneidende Bander unterteilt. Die 
Hochleistungs - Umschaltkontakte eines 
eingebauten Relais sind zur Frontplatte 
herausgebracht; das Relais wird bei Fre- 
quenzen bis zu 1 Hz durch den Recht- 
eckwellenausgang betitigt und kann 
externe Vorrichtungen im Gleichlauf mit 
der Betriebsfrequenz ein- und  aus- 
schalten. 

Die Méglichkeit, das Geradt im Einmal- 
Betrieb zu verwenden, erhdht seinen 
Wert bei Einsatz als Zeitmesser wesent- 
lich. Das Zeitintervall kann durch einen 
Frontplatten-Schalter, einen fremderreg- 
ten Impuls oder durch Schliessen eines 
externen Kontaktes ausgefiihrt werden. 

Im TF 1382 werden die sinusférmigen 
Schwingungen auf ungewdhnliche Weise 
und zwar durch elektronische Synthese 
erzeugt. Die Grundwellenform ist eine 
Kippschwingung, die auch als eine der 
Ausgangswellenformen zur Verfiigung 
steht. Durch Gleichrichtung der Kipp- 
schwingung entsteht eine Dreieckwellen- 
form, die nicht zum Ausgang weiter- 
geleitet wird. Die Dreieckschwingung 
wird in Zener-Dioden-Schaltung umge- 
formt, die eine Sinuswellenform abgibt 
Die Rechteckwelle wird von der Dreieck- 
wellenform durch bistabile Umschaltung 
abgewandelt. 
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VOLTMETER MIT ENTNULLUNG 
(Abbildung Seite 187) 


Modell TF 1377 ist ein Kompensator- 
Spannungsmesser zur Messung absoluter 
Gleichspannungen bis zu 500 V_ und 
Spannungsanderungen der zu messenden 
Quelle, die bis zu 1 mV herunter abge- 
lesen werden kénnen. Es kann auch in 
iiblicher Weise als Differentialspannungs- 
messer fiir den Bereich +1 mV...+50 V 
benutzt werden. 

Fiir die Kompensations- oder Entnul- 
lungs-Betriebsart wird die Quellenspan- 
nung gegen eine interne, potentiometer- 
gesteuerte Gleichspannungsquelle  ge- 
schaltet, wobei fiir die Nullanzeige das 
Messgerat mit Mittel-Nullstellung benutzt 
wird. Die absolute Spannug der Quelle 
wird dann von der Digitalanzeige am 
Potentiometer abgelesen, und nachfol- 
gende Spannungsdinderungen kénnen am 
Messgerat abgelesen werden. Dadurch 
kénnen kleine Anderungen — grosser 
Spannungen mit ungewéhnlichem Unter- 
scheidungsvermégen einfach und genau 
gemessen werden, und _ komplizierte, 
unbequeme Anordnungen mit externen 
Batterien fiir die gegengeschaltete Span- 
nung sind unndtig. 

Fiir Differenzmessungen 
Potentiometer abgeschaltet, 


wird das 
und die 
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unbekannten kleinen Spannungen werden 
direkt am Anzeigegerait abgelesen. 

Das Gerat erméglicht schnelle, genaue 
Messungen tiber einen grossen Gleich- 
spannungstereich im Labor, in der 
Fertigung und im  Gelinde. Sein 
Prazisionssystem fiir Wertzuwachsmes- 
sung ist besonders fiir Untersuchungen 
der Regelung und Konstanthaltung von 
Gleichspannungsquellen, Temperatur- 
beiwert-Messungen an Halbleitern, 
Widerstinden usw. sowie fiir direkte 
Messung mit Dehnungsstreifen, Eichung 
von Widerstands-Wairmemessern und 
piezoelektrischen Gebern und = zur 
Generatorregelung geeignet. Die Zweck- 
dienlichkeit des Geriites wird durch 
lieferbare Gleichrichtermessképfe erhdht, 
die das Anwendungsgebict auf Ton- und 
HF-Messungen ausdehnen. 
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MORGAN CRUCIBLE CO. LTD 
Battersea Church Road, London, S.W.11 


HOHLLEITER-ABSCHLUSS 


Diese Abschlusswiderstiande wurden 
fir Radarstationen entwickelt und 
erméglichen  Bereitschaftsbetrieb ‘oder 
Test mit voller Leistung ohne nachweis- 
tare Signalsausstrahlung und Stérung 
anderer Stationen. Ungleich anderen fiir 
diesen Zweck bestimmten Materialien ist 
Siliziumkarbid der Grundstoff fiir 
“Termilode”, das Energien in Kilowatts 
zerstreuen kann. Die Temperaturgrenze 
wird mehr durch Gasionisation im Hohl- 
leiter als durch den Abschlusswerkstoff 
beeinflusst, der noch bei 1000°C zu- 
friedenstellend arbeitet. Die verschie- 
denen gezeigten Modelle, deren Linge 
von Zentimetern bis zu Metern geht, sind 
fiir Luft- oder  Fliissigkeitskiihlung 
bestimmt. Zerstreuung bis zu 8 kW kann 
mit Wasserkiihlung erreicht werden. 
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MUIRHEAD & CO. LTD 
Beckenham, Kent 
AUTOMATISCHER REGISTRIER- 
WELLENANALYSATOR 


(Abbildung Seite 188) 


Dieses Gerat ist fiir die automatische 
Analyse und graphische Registrierung 
aller Arten von Geriusch- und Schwin- 
gungssignalen bestimmt, die ihm 
entweder direkt oder tiber Magnetband- 
aufzeichnungen zugefiihrt werden. Das 
Gerat gibt Amplituden - Frequenz - 
Analysen stetiger Signale und Amplituden- 
Frequenz-Zeit-Analysen nichtstetiger, mit 
Zeit sich andernder Signale. Es arbeitet 
vollautomatisch tiber den ganzen Fre- 
quenzbereich von 10 Hz... 19 kHz. Drei 
Selektionsgrade stehen zur Verfiigung 
(1/3 Oktave, 5% und 1,5%), und in 
jedem Fall ist die prozentuale Band- 
breite fiir alle Frequenzen konstant; das 
Unterscheidungsvermégen gegentiber 
unerwiinschten Frequenzen ist hoch. Der 
Hochstfrequenzfehler auf dem _  vorge- 
druckten Registrierpapier ist nicht 
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grésser als 1%; der Eingangssignal- 
bereich ist von 10 “#V...300 V. Wenn 
der Eingangsabschwaicher auf auto- 
matischen Betrieb geschaltet wird, kann 
ein dynamischer Amplitudenbereich bis 
zu 70dB bewiltigen. 


EE 31 769 fiir weitere Einzelheiten 


NASH & THOMPSON LTD 
Hook Rise, Tolworth, Surrey 
DIGITAL-ANZEIGE-MESSGERAT 


(Abbildung Seite 188) 


Das neue Nashton Digitalvoltmeter 
wurde entwickelt, um die Liicke zwischen 
den tiblichen Drehspulenanzeigen und 
den teuren Digitalvoltmetern auszufiillen 
und stellt einen leistungsfahigen und 
wirtschaftlichen Kompromiss dar. ‘Die 
Anzeige-Drucktaste auf der Frontplatte 
schaltet eine selbstabgleichende Mess- 
briicke ein, die elektromechanisch mit 
dem Anzeigeteil verbunden ist. Die 
iiblichen Anderungen stellen sich in ein 
oder zwei Sekunden ein und der Zahler 
durchléuft seinen Bereich in 10 s. Das 
Gerait wird in zwei Baugruppen her- 
gestellt und in das grosse Nashton- 
Gehduse eingebaut. Der Anzeigebaustein 
ist links und der Messbaustein, d.i. das 
Voltmeter, rechts angeordnet. Die 
Anzeige besteht aus einem dreistelligen 
mechanischen Zahler, dessen Ziffern 6,35 
mm hoch sind. Die Spannungsbereiche 
messen 1,00...9,99; 10,0...99,9 und 
100...999 V mit mehr als +£1,2% 
Ziffer. 


Genauigkeit des Istwertes +1 
Rechts einzubauende Messbausteine fiir 


sind auch 
kann fern- 


Widerstand und Kapazitit 
lieferbar. Das Messgerit 
gesteuert werden. 
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G. V. PLANER LTD 
Windmill Road, Sanbury-on-Thames, Middlesex 
NANOSEK UNDEN-SCHALTZEITBESTIMMUNG 


(Abbildung Seite 188) 


Dieses Gerait wurde hauptsichlich zur 
Messung der Schaltzeit von Speichern 
wie z.B. der diinnen Legierungsfolien- 
Speicher entwickelt. 


Der Impulsbereich iiberstreicht 2...200 
ns und der Ausgang kann Schaltelemente 
treiben, deren Betrieb Stréme bis zu 
13A erfordert. Die Ausgangsspannung 
kann von 1 kV bis zu unter | V geregelt 
werden. 


Der Priifling wird in einen Durchlass- 
messkopf mit geeigneter Geberschleife 
eingesetzt. Der Generator ist so konstru- 
iert, dass er positiv- oder negativgehende 
Impulse in verainderlichem Verhiltnis 
zur gleichzeitigen Untersuchung des 
Schaltens und Nicht-Schaltens abgibt. 
Oszillografanschliisse und ein Synchron- 
impuls sind vorgesehen, Der Netzan- 
schluss ist fiir 230 V 50 Hz ausgelegt. 


Das Geriit kann sowohl mit Oszillo- 
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grafen grosser Schreibgeschwindigkeit als 
auch Labormodellen benutzt werden. 


EE 31 771 fiir weitere Einzelheiten 


HYSTERESE-TESTER 
(Abbildung Seite 188) 


Dieses Gerat wurde fiir die Darstellung 
der Hysteresisschleife magnetischer 
Werkstoffe auf Elektronenstrahl-Oszillo- 
grafen sowie zur Bestimmung der 
Remenanz und Koerzitivkraft entwickelt. 
Es ist zur Priifung magnetischer 
Beschichtungen und besonders von 
Magnetbindern gedacht, kann aber auch 
zur Untersuchung von magnetischen 
Legierungen in Form diinner Folien, 
Streifen und Drihte eingesetzt werden. 


Das Gerit testeht aus einem geeichten, 
geraiuscharmen Verstarker und drei wahl- 
weise verwendbaren Messképfen mit 
entsprechenden Netzgeriten fiir die 
folgenden Bereiche: 


(a) 50...2000 Oe6cersted. Der fiir Mes- 
sungen von Magnettonbindern, 
Magnetstahl usw. geeignete Kopf hat 
einen Magnetkreis aus kornorientier- 
tem Stahl. Die beiden Aufnahme- 
spulen sind im gleichférmigen Feld 
positioniert. 


0... 150 Ocersted. Dieser Messkopf 
mit Helmholtz-Spulenanordnung ist 
zur Untersuchung flacher Folien- 
speicher bestimmt. 


0...10 Oersted. Der zur Messung 
ringférmiger Filme geeignete Mess- 
kopf hat aus je einer Windung 
bestehende Treib- und Abgreifspulen. 


Das Gerat wird mit einem Standard- 
Oszillografen (z.B. Cossor Type 1049) 
benutzt. 


EE 31 772 fiir weitere Einzelheiten 


W. G. PYE & CO. LTD 
Granta Works, Cambridge 
PH-VERSTARKER FUR DIE INDUSTRIE 


(Abbildung Seite 188) 


Die Schaltung dieses Gerites besteht 
hauptsichlich aus einem Trager-Gleich- 
spannungsverstarker mit Kapazitits- 
modulator, einem Trigerverstéarker und 
einem phasenempfindlichen Demodulator 
mit starker Gesamtgegenkopplung. Da- 
durch wird hohe Stabilitit mit fast 
perfekter Linearitét erreicht, wahrend 
Netzspannungsschwankungen __ praktisch 
keine Anderung der Nullstellung und 
Empfindlichkeit hervorrufen. Da kein 
Eingangsstrom fliesst, kénnen die unver- 
wiistlichsten Glaselektroden  benutzt 
werden, deren sehr hoher Widerstand 
keinen Linearitétsfehler hervorruft, was 
besonders fiir Messungen itiber einen 
grossen Temperaturbereich wichtig ist. 
Die Empfindlichkeit ist hoch (100 #A/ 
pH), und deshalb kénnen mehrere externe 
Schreiber, Anzeiger, Regler und Warn- 
systeme an denselben Verstirker ange- 


202 


schlossen und, wenn erforderlich, vom 
Verstirker entfernt eingebaut werden. 

Das Gerit hat eine véllig automatische 
Temperaturkorrektur von 0... 100°C, 
und der pH-Messbereich des Standard- 
Gerates iiberstreicht 2... 12. 


EE 31 773 fiir weitere Einzelheiten 


WECHSELSTROM-BRUCKENVERSTARKER 
UND NETZGERATE 


(Abbildung Seite 189) 


Diese Gerite werden nach Konstruk- 
tionsunterlagen des Instituts der Kénig- 
lichen Luftwaffe (R.A.E.) Farnborough 
hergestellt und verwenden zur Erzielung 
einer gedrungenen Konstruktion und 
Fertigungserleichterung gedruckte Schal- 
tungen und Transistor-Bestiickung. 


Verstirker Type IT 1-13-51 ist fir 
induktive Gegentakt - Beschleunigungs - 
geber bestimmt und enthialt Integrations- 
Schaltungen, die fiir die Weganzeige auf 
Oszillografen, Galvanometern oder 
Aufzeichnung mittels FM-Magnetband- 
geraten im Bereich 5 ... 100 Hz erforder- 
lich sind. 


Verstirker Type IT 1-12-51 wurde fiir 
Dehnungsmessstreifen entwickelt. Die 
Briickenwiderstainde sind hochstabil und 
haben abgestimmte Temperaturbeiwerte. 
Die gemessenen Weginderungen kénnen 
auch mit diesem Gerat mittels Oszillo- 
grafen, Galvanometern oder FM- 
Magnetbandgeriaten iiber einen Bereich 
von 0...1 kHz aufgenommen werden. 


Das Netzgerat Type IT 1-13-52 enthalt 
die Stromversorgung fiir sechs Verstirker 
derselben oder beider Verstirker-Typen 
und erzeugt gleichzeitig das Tragerfre- 
quenzsignal zur Erregung der Geber- 
Briicken und Demodulation der sechs 
Verstiarker. Die Tragerfrequenz kann 
durch Umlegung einer internen Ver- 
bindung auf 2 kHz oder 3 kHz eingestellt 
werden. 


Die Geraite werden vom normalen 
Flugzeugbordnetz mit 27-29 V Gleich- 
spannung betrieben. Anzeigemessgerate 
sind fiir beide Verstairker-Typen lieferbar. 
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RACAL INSTRUMENTS LTD 
Western Road, Bracknell, Berkshire 
DIGITAL-FREQUENZMESSER 


(Abbildung Seite 189) 


Im SA.505 sind die neusten Transistor- 
Fortschritte in einem kompakten, abge- 
schlossenen Geriat vereinigt, das fiir alle 
Laborarbeiten auf den Gebieten der 
Frequenz-, Zeitdauer- und Intervallmes- 
sungen geeignet ist. 


Eine siebenstellige, einreihige Projek- 
tionsvorrichtung zeigt laufend gemessene 
Werte an. Das Gerdt ist fiir direkte 
Frequenzmessungen von _ sinusférmigen 
und Impuls-Signalen von 0...10 MHz 
und fiir Zeitintervallmessungen zwischen 
zwei aufeinanderfolgenden positiv- oder 
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negativ-gehenden Impulsen im Bereich 
von 0,1 us... 10*s ausgelegt. Zeitdauer- 
messungen kénnen auch iiber 1, 10 und 
100 Perioden einer unbekannten Fre- 
quenz mit einer Genauigkeit von 1 - 10-* 
durchgefiihrt werden. 

Die Messgenauigkeit fiir 
ist + Zahlimpuls + der Konstanz des 
eingebauten Quarzes, die 1-10’ ist. 
Anschliisse fiir Betriceb eines externen 
Frequenznormals fiir 100 kHz oder 
1 MHz sind vorgesehen. 

Die Digitaldaten stehen im Gerat auch 
in Form schliessender Relais-Kontakte 
zur Verfiigung und kénnen entweder fiir 
direkte Fernanzeige entnommen werden 
oder iiber den Parallel-Serien-Umsetzer 
Type S.A.138 ein Addo-X-Druckwerk 
betitigen. 


Frequenzen 


EE 31 775 fiir weitere Einzelheiten 


W. H. SANDERS (ELECTRONICS) 
LTD 
Gunnels Wood Road, Stevenage, Hertfordshire 
VIELLOCH-RICHTKOPPLER 


(Abbildung Seite 189) 


Diese Vielfach-Richtkoppler sind fiir 
Hohlleitergréssen 12, 14, 15, 16, 18 und 
22 lieferbar und _ iiberstreichen das 
gesamte 3,95 ...40 GHz-Band. 

Die Koppler haben runde Lécher, die 
als Kopplungselemente zwischen den 
Breitseiten zweier Hohlleiter dienen und 
nach fschebyscheff angeordnet sind. Der 
Hauptvorteil dieser Lécher ist, dass die 
Richtwirkung dusserst breit gemacht 
werden kann, ohne sich an den Band- 
grenzen wie im Falle der binomischen 
Anordnungen zu _ verschlechtern. Da- 
durch wird es médglich, Richtkoppler 


herzustellen, deren Richtwirkung iiber 
den gesamten Frequenzbereich grésser 
als 40 dB ist. Sie haben eine Kopplungs- 
frequenzempfindlichkeit von +0,5 dB 
und eine mittlere Kopplungsgenauigkeit 
von +0,3 dB. 


EE 31 776 fiir weitere Einzelheiten 


STANDARD TELEPHONES 
& CABLES LTD 

Connaught House, Aldwych, London, W.C.2 
EPITAXISCHE TRANSISTOREN 

Epitaxie ist ein Verfahren, in dem 
eine Schicht aus  Halbleitermaterial 
durch Niederschlag eines Gases, z.B. 
Germaniumdijod, bei hohen Tempera- 
turen auf ein Keimkristall 
Temperatur aufgebracht wird. Das 
niedergeschlagene Material hat dieselbe 
Kristallorientierung wie der Keim. 

In den meisten diffundierten Transi- 
storen muss das Material, das die Kollek- 
torzone bildet, einen hohen spezifischen 
Widerstand haben, um _ eine hohe 
Koliektor - Durchschlagsfestigkeit zu 
erreichen. Bisher waren der Vermin- 
derung der Kollektorzonenstérke durch 
mechanische Probleme Grenzen gesetzt, 
da es sehr schwierig ist, aus sehr diinnen 
Scheibchen hergestellte Transistoren zu 
handhaben. Eine hohe Durchschlagsspan- 
nung ist daher nicht mit einem guten 
Verlauf der unteren Kennlinie d.h. 
niedrigem Kollektor-Serienwiderstand) 
vereinbar. 

In epitaxischen Transistoren wird eine 
sehr diinne Schicht eines Materials mit 
hohem spezifischem Widerstand auf eine 
Seite eines Materialscheibchens niedrigen 
spezifischen Widerstandes niederge- 


niedrigerer - 


schlagen. Der Transistor wird dann in 
bekannter Weise durch Festkérperdif- 
fusion in ein Material mit hohem spezifi- 
schem Widerstand umgewandelt. Das 
Material mit niedrigem spezifischem 
Widerstand (der Keim) wirkt nur einfach 
als Trager des Transistors und gibt ihm 
mechanische Festigkeit. 

Der so entstandene Transistor hat 
einen besseren Verlauf der unteren Kenn- 
linie, und die Anwendung der Epitaxie 
gibt gréssere Entwicklungsflexibilitaét, da 
einige der Transistor-Parameter nicht 
mehr so stark voneinander abhingig 
sind. Dadurch kénnen schnellere Schalt- 
zeiten und niedrigere Ausgangskapazi- 
tiiten erzielt werden. 

EE 31 777 fiir weitere Einzelheiten 


VENNER ELECTRONICS LTD 
Kingston By-Pass, New Malden, Surrey 
DiIGITAL-VOLT-OHMMETER 
(Abbildung Seite 189) 


Dieses Gerit kann Gleich- oder Wech- 
selspannungen von I mV...1,1kV und 
Widerstande bis zu 1,1 M2 messen. 

Die Werte werden deutlich durch vier 
neuartige einzeilige Projektionsanzeiger 
mit automatischer Polaritatsanzeige 
dargestellt und kénnen durch direkte 
Kopplung an ein Venner-Druckwerk und/ 
oder ein Lochstanzen-Steuergerat regi- 
striert werden. 

Weder Schrittschalter noch Relais 
werden in dem Instrument benutzt, das 
aus transistorisierten Einsteckstufen 
besteht. Es gibt stetige Anzeigen bei 
Eingangsschwankungen und die Bedie- 
nung ist einfach. 

EE 31 778 fiir weitere Einzelheiten 


Zusammenfassung 


der wichtigsten Beitrage 


Kaltkathodenréhren-Schaltungen fiir die Automation 
Die folgenden Bausteine fiir Kaltkathodenréhren-Schaltungen werden beschrieben: (1) 


verschiedene Impulsverstdérker; (2) vier verschiedene Verzdgerungsschaltungen oder einseitige 


von R. S. Sidorowicz 


vier 


Multivibratoren; (3) drei bindre Zahler, drei Ringzdhler und ein umsteuerbarer oder in beiden 
Richtungen arbeitender Zdhler; (4) drei verschiedene logische Oder-Schaltungen und zwei logische 


Zusammenfassung des 
Beitrages auf Seite | 38-143 


Und-Schaltungen; 
Oszillatoren und Multivibratoren; 


(5) eine Verschiebematrix oder ein Verschieberegister; 
(7) eine Treiberschaltung fiir eine Digitalanzeigerdhre. 


(6) sechs verschiedene 
Die 


Schaltungen benutzen Widerstaénde, Kondensatoren und drei Kaltkathoden-Trioden (XC 18, XC 23 


und XC 24). 


Als Quelle der konstanten Vor- oder Ziindspannung findet die Kaltkathoden-Klein- 


stabilisierungsréhre XC 12T Verwendung. Alle Schaltungsbausteine sind selbstgehend und werden 
nach Ablauf des Arbeitstaktes automatisch in die Ruhestellung zuriickgefiihrt. Fiir die Entwicklung 
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industrieller Automationssysteme bilden diese Bausteine eine folgerichtige Kaltkathodenréhren- 
Schaltungsserie. Drei praktische Beispiele werden gegeben, die zeigen, in welcher Weise die Bausteine 
zur Konstruktion verhdltnismdssig komplexer Systeme kombiniert werden kénnen: ein elektronischer 
Vorwahl-Impulsgeber, ein programmierter Vorwahl-Zahler und eine elektronische Priifvorrichtung. 
In den aufgebauten Systemen werden mechanische Kontaktgeber, Schalter und Photowiderstdnde als 
Eingangsgeber fiir die Kaltkathodenréhren-Schaltungen eingesetzt; in den Ausgdngen werden 
normalerweise elektromagnetische Relais verwendet. Zum Betrieb der Systeme ist ein stabilisiertes 
Netzgerdt fiir +180 V erforderlich. Die Taktfrequenz kann 100 Hz iibersteigen. 


Ein schneller Analog-Digitalwandler von M. Winterbottom und J. S. Walters 


Bei der Verarbeitung grosser Datenmengen in elektronischen Gerdten steht in vielen Fallen die 
Information an verschiedenen Stellen des Systems sowohl in analoger als auch in digitaler Form zur 
Zusammenfassung des Verfiigung. In solchen Fallen ist es erforderlich, die Information von der analogen in die digitale 
Beitrages auf Seite 144-149 Form umzuwandein. 
Ein schneller Analog-Digitalwandler wird beschrieben, der pro Sekunde 55 000 Analogspannungen 
in einen 8-Bit-Bindrcode umwandeln kann. Das Gerdt benutzt Transistoren als aktive Elemente. 


Eine neuartige Digital-Uhr von A. Russell 


Konstruktion und Arbeitsweise einer neuartigen Digital-Uhr wird beschrieben, die Monat, Tag, 
Stunde, Minute, Nummer des Versuches und des Tests auf beleuchteten, einzeiligen Sichtanzeigen 
Zusammenfassung des registriert. Die gesamte Information einschliesslich des Jahres steht als Serienablesung zum Stanzen 
Beitrages auf Seite 150-154 YR Lochstreifen oder Ausschreiben auf magnetspulenbetatigten elektrischen Schreibmaschinen zur 
8 Verfiigung. Die verwendete Riickstellmethode ermdglicht schnelle Einstellung neuer Verkniipfungen. 
Das vorhandene Labor-Frequenznormal liefert Impulse mit genauem Abstand, die den Kalenderteil 

treiben, der damit als Monitor fiir die langfristige Genauigkeit dieses Frequenznormals dient. 


Ein vielseitiger 7 wangsfunktionsgeber von J. Morrison 


Der Beitrag beschreibt einen Zwangsfunk tionsgeber fiir Analogrechner, der Sinus—, Rechteckwellen-, 

Zusammenfassung des Dreieck—, Anstieg—, Sprung— oder Impulsfunktionen mit einer Genauigkeit von 1/4°%, des wahren 

Beitrages auf Seite 155-159 Frequenz— und Amplitudenmassstabs abgibt. Der Frequenzbereich iiberstreicht 0,001 Hz bis 100 Hz 
und kann vom Rechner aus oder extern gesteuert werden. 


Kalkulationsdiagramm fiir Antennen mit Parabolspiegeln von C. O. Titley 


Die innere Oberflache eines Parabolspiegels wird durch Drehung einer Parabel um ihre 
Symmetrieachse erzeugt. Solch ein Spiegel hat die einzigartige Eigenschaft, bei gleichmdssiger 
Zusammenfassung des Beleuchtung von einer punktformigen Quelle im Brennpunkt Strahlungen hervorzurufen, die iiber die 
Beitrages auf Seite 162-163 gesamte Offnungsebene phasengleich sind. Deshalb finden Parabolspiegel in Radioverbindungen und 
Optik weitgehende Verwendung. Das hier wiedergegebene Diagramm wurde als Kalkulationshilfe zur 

Entwicklung von Reflektoren fiir Radioantennen angefertigt. 


Bandfilterketten mit piezoelektrischen Keramikscheiben von R. C. V. Macario 


Piezoelektrische keramische Massen mit hohem elektromechanischem Kupplungsmodul und 
mittleren Q-Werten kénnen in Form kleiner, kreisformiger, in radialer Weise schwingender Scheiben 
mit oder ohne Kondensatoren interessante Bandfilterketten bilden. In diesem Beitrag werden die 

Zusammenfassung des Daten fiir Konstruktionsmdéglichkeiten einer Anzahl von Netzwerken untersucht, in Kurvenform 
Beitrages auf Seite 171-177 dargestellt und genaue Konstruktionsdaten in Tabellenform gegeben. Sie stiitzen sich auf die 
Spiegelparametertheorie, und die Berechtigung fiir diese Annahme wird durch Vergleich mit gemessenen 
Filterfrequenzgangen nachgewiesen. Die erzielbaren Bereiche fiir Mittelfrequenz, Bandbreite und 

Spiegelimpedanz werden diskutiert. 
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now available in quantity from stock 


HIGH VOLTAGE SILICON 
S CH Jer Cel POWER DIODES 


types RS27AF and RS28AF 
High temperature performance 


up to 100°C 600V & S00V C.W.V. Forward Current 0.5A 


Hermetically sealed for long life 
and stable characteristics Max. Reverse Current at C.W.V. (100°C) 200uA 


Large output in relation to size Max. Forward Voltage Drop at 250 mA D.C. (100°C) LIV 
and weight 


Wire ended for ease of instal- 


lation, no heat sink required. sees. 








i) Standard Telephones and Cables Limited 


Ke Registered Office: Connaught House, Aldwych, London W.C.2 


RECTIFIER DIVISION : EDINBURGH WAY - HARLOW . ESSEX - HARLOW 26811. Extn. 247 
61/2MF 





MARCH 1961 ELECTRONIC ENGINEERING 





EE 31 123 for further details 


=] 
ies 
rn 
wo 
_— 
2 
NY 
— 
“= 
— 
© 
| 
rm 
2) 
= 
— 
Los 
G2 
== 
1 
Go 


THE NOBEL LOAD CELL 


A superior weighing device of first class constructional design 
employing unbonded strain gauges, giving high zero stability and 
excellent overload features. 

Associated equipment of equally high standard provides facilities 
for remote control, visual display of output or permanent records 


in the form of print, punched card or tape from any number of cells. 


In many cases existing beam and balance weighers, constant rate Accuracy — better than 0.25%, of f.s.d. 


feeders and similar devices can be extensively controlled by means High zero stability. 


of our ‘Rota-weigh’’, ‘“Multi-Batch’’ or special controllers High long term stability on load. 


specifically designed to meet customer's requirements. If you are tii acetienh tien 


considering an entirely new weighing-system or altering your 
zd 3 ; } Fail safe in event of gross overload. 
existing plant, talk it over with us — our experience may be what 
: Oil filled and hermetically sealed. 
you are looking for. 


Corrosion resistant 


5 standard types to weigh up to 50,000 Ibs. 


S:. 6.8. 3.8. s:3:-@ 


Enquiries should be addressed to:— 


BENDIX ERICSSON U.K. LTD. 


HIGH CHURCH STREET - NEW BASFORD - NOTTINGHAM : Telephone: Nottingham 75115 
(FORMERLY ERICSSON INSTRUMENT DIVISION) 
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STC 
Valves 
SPECIALLY 
1B} D3 CEI DB. 
for 
R.F. HEATING 


‘Z' type in boiler 


* Generous safety factors * Available as 

*x Rugged Forced AirCooled (J Type) 

* High efficiency Water Cooled (9 Type) 

* Heavy gauge anodes Vapour Cooled (2 Type) 

* Operating frequencies up to * Anode dissipations from 6 to24kWw 
100 Mc/s x Ancillary equipment available 


Standard Telephones and Cables Limited 


/ COMPONENTS Registered Office: Connaught House, Aldwych, London W.C.2 


{ Group 


VALVE DIVISION: FOOTSCRAY - SIDCUP + KENT 





60/2MS 
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Ernest Turner instrumentation at the BBC Television transmitter, London. 


Ernest Turner electrical measuring instruments represent the highest standards of design 
accuracy and workmanship. Clean lines, easily-read scales and attractive appearance 
combine with technical quality to present precision and industrial grade instrumentation 


in a wide variety of types, ranges and dimensions. 


Full details of all Ernest Turner instruments are given in Catalogue No. 85, available upon 


request. 


ELECTRICAL INSTRUMENTS LTD 
HIGH WYCOMBE - BUCKINGHAMSHIRE - ENGLAND 
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STS announce 


SILICON DIFFUSED n-p-n 
HIGH FREQUENCY TRANSISTORS 


— TO JEDEC OUTLINES 


Types TK200A & TK250A 


The TK200A has outstanding characteristics as a coredriver and as 

a power oscillator working at frequencies up to 10Mc/s while 
its companion, the TK250A, enables maximum performance 
to be obtained where the power requirements are less 
demanding, e.g. in the driver stage of a power 
oscillator and in high-current switching. Make 
a note of the following characteristics 
— essential to the new generation 


of high-speed logic circuits. 


{, Common emitter gain-frequency 
product at Ip =20mA, Vog=9V, 
f=20Mc/s 


Vers Collector-to-emitter saturation 
voltage at I,=200mA, Ip=25mA 


Iego Collector-to-base leakage 
current at Voz =9V, Ig=O 


Characteristics 


Outline JEDEC TO-3 

Vocp mar With emitter open circuited 
or reversed biased 

Veg mar With base-emitter junction 
reverse biased 

Vee mar With base open circuited 
Var max TeVerse direction 


Ratings 


mut 


Power dissipation in a heat sink 
Junction temperature 
Storage temperature 


For further information write to: 


50 Mc/s min 


2:5V max 


lwA max 


40V 


40V 

20V 

6V 

05A 

10W max 
150°C max 
150°C max 


f, Common emitter gain-frequency 
product at I; =20mA, Vog =9V. 


f =20Mc/s 50 Mc/s min 


Vogs Collector-to-emitter saturation 
voitage at I, =100mA, I, ~125mA 


Icgo Collector-to-base leakage 
current at Vog=9V,Ig=O 


16V max 


lwA max 
JEDEC TO-9 


Vor mar With emitter open circuited 
or reverse biased 

Vee mar With base emitter junction 
reverse biased 

Voce mar With base open circuited 
VBE mar TeVerse direction 

I¢ mar 

Junction temperature 
Storage temperature 


Strondard Telephones and Cables Limited 


Registered Office: Connaught House, Aldwych, London W.C.2 


TRANSISTOR DIVISION: FOOTSCRAY SIDCUP KENT 
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Two of mode! 

V300/200 mounted in 

one suitable frame 
measuring 173° x 17)" x7’. 
This shows one of 

many methods of 
mounting these units 


Brandenburg recognize the importance all models—types V and HV 
polarity reversible 


of adequate ventilation in regulated unit id Ds EATEN ey 

power supplies; and the improved design pu phen 50 cycles 

for rack mounting of the new Brandenburg 350 he 500 oa made naxeav, SA. “aii 
can be paralleled 

‘V’ range introduces a wide centre Genensions jen a oe Tsyee7 yay high —o. 

ventilation. Additionally, there is easier a A clr play S25 tam 


available for converting all models to front 
access to all components panel mounting 


All prices quoted are for U.K. only 


D.C. output D.C. output 


Model Prices Model Prices High current 
Volts models Volts 

















v200/100 | 200 ¥200/350 

v250/100 | 250 £37 10 ©| 250/350 se 0 OM tren | oe £140 0 0 
V300/100 | 300 ex-works | V300/350 ex-works HV3S50/1A 350 ex-works 
v350/100 | 350 V350/350 ! 


200/200 | 200 .| 200/500 230 
V250/200 | 250 V250/500 0 0 0 HY300/2A 500 oe Ag 
300/200 | 300 £48 10 0| 300/500 ex-works @ 11350/2A | 350 


V350/200 350 ex-works | 350/500 
V400/150 400 complete with 19° front panel and assembly 









































Brochure on request: for further specifications of the Brandenburg ‘V’ range please write for brochure 


BRANDENBURG LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 


Export enquiries to: Applied Research (Instruments) Ltd. Emefco House, Reigate, Surrey, England 
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high voltage regulated power supplies 
—standard models up to 100 kV. 


5, 10, 20 and 30 kilovolt regulated supply 


Type $0530 model A 


50 kilovolt regulated supply 


All prices quoted are for U.K. only 
Type $0530 
output | to 10 kV at 2mA. Model A 
2 to 20 kV at | mA. Model B 
3 to 30 kV at $ mA. Model C 
500 V to 5 kV at 2 mA. Model D 
input 200/250 volts, 50 cycles 
polarity positive or negative grounded available 
regulation against full load: better than 0.5%. 

Against mains variations of plus or 
minus 7%, better than 1% 
5” Ernest Turner movement 
current metering jack 
standard 19° x 104” P.O. panel 
for rack mounting or bench use 


£ | 35 ex-works 


Models A, B and C can be" supplied with 
reversible output polarity at £165 


Type MRSOR 


output 5 kV to 50 kV at! mA 
input 200/250 volts 
polarity reversible 
regulation against full load: better than 1% 


Against mains variations: +5%,—5%, better 
than 1% 


dimensions W: 24” H:23” D: 15” 


output current 


output voltage 
polarity 

ripple 
regulation 


input 
metering 


EQA4S ervoris 


100 kilovolt regulated power supply 


Type MRIOOR—3 models 

0.5 mA. Model MR100R/500 

| mA. Model MRIOOR/I 

10 to 100 kilovolts, continuously variable 
reversible 

0.1% 

no load to full load: better than 1° .Against mains 
variations of plus or minus 7%, better than 1% 
200/250 volts, 50 cycles 

output voltage and current metered by 5” 
Ernest Turner, Model 605 


Brochure on request : for further specifications of this Brandenburg range of standard high voltage equipment, please write for brochure. 





BRANDENBURG 


LIMITED 


139 Sanderstead Road, South Croydon, Surrey. SANderstead 3555/6 


Export enquiries to: Applied Research (Instruments) Ltd. Emefco House, Reigate, Surrey, England 
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we 
have 
greatly 
EXTENDED our 
range of 
PTFE COVERED 
INSTRUMENT 
WIRE and 
SLEEVING 























Our range of PTFE covered instrument wire 

now includes Type A and Type B (to Ministry of 
Aviation Specification EL 1930, Issue 3). 

Type A is lapped and Type B is extruded. With 
both methods of covering we employ precision 
techniques and both types of wire are guaranteed 
concentric. We hold full Type Approval for 

their manufacture. 

PTFE sleeving will solve your space, weight, 
temperature and electrical problems. It is available 
in sizes from 0.013 in. internal diameter with 

wall thicknesses from 0.006 in. 

PTFE covered instrument wire has the following 
advantages which make it ideal for wiring a wide 
variety of specialised electronic equipment. 























* High dielectric constant permits use of thinner 
sleeving to save space and weight 

* Extreme resistance to corrosion 

* Practically frictionless 

* Wide working temperature range 

* 11 single and over 19 bi-colours 

* Delivery from stock 


AEI C iL X 


Associated Electrical industries Ltd - Radio & Electronic Components Division PD 17 - 155 Charing Cross Road - London W.C.2. 
1A°17/43 











Visit Stand No. K.14 at the A.S.E.E. Exhibition, Earis Court, March 21—25. 
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wo 


fp 


TENSION 
GAUGE 


HIGH SPEED 
MINIATURE 
UNISELECTORS 


BOTHWAY 
UNISELECTORS 


HEAVY DUTY 
UNISELECTORS 
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STANDARD L. T. POWER SUPPLY RECTIFIERS—FULL WAVE BRIDGE 





D.C. OUTPUT PLATE DIMENSION 
MOUNTING | TERMINAL 
DIMENSION | EXTENSION) 








HEIGHT 








C1B1SDBED 
LiBI1SDBED 
D1B1SDBGD 
D1B2SDBGD 
A1BiSDBKD 
L1B1SDBKD 
CiB3SDBKD 
D1B1SDBKD 
A2B1SDBKD 
L2Bi1SDBKD 
D2B1iSDBKD 

















PERRYS S 














SELENIUM 


ae aataneees STACKS 








LENGTH TERMINAL | MINIMUM 

EXTENSION SERIES 
inches RESISTOR 

ohms 
































ENTRE TERMINAL PROVIDED FOR DOUBLER CONNECTION 





ASK FOR BULLETIN SR2006 
FOR OUR FULL RANGE OF SELENIUM 
RECTIFIERS REQUEST BULLETIN SR 2005A 


INTERNATIONAL RECTIFIER COMPANY 


(GREAT BRITAIN) LIMITED - OXTED - SURREY ~<- Oxted 3215 


Associate Company of International Rectifier Corporation, U.S.A. and The Metal Industries Group, ¢ 
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LOW LOSS, LOW 
CAPACITANCE, UNSEALED 
TYPE MINIATURE RELAY 


MAJOR RELAY 
(B.P.O. 3000 TYPE) 


MINIATURE SEALED RELAY 


MINOR RELAY 
(B.P.0. 600 TYPE) 


HIGH SPEED RELAY 
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AIRCRAFT ENGINE, INSTRUMENTATION, INDUSTRIAL AND GENERAL 
ELECTRONICS APPLICATIONS—THE MS SERIES CONFORMING TO MIL-C-5015D 


The MS and MS related series can provide connectors with the following characteristics :— 
High-temperature, vibration-proof, lightweight, environmental, radiation-resistant, potting, 
bulkhead, hermetically sealed, splashproof, waterproof. They are available with from 1 to 100 
contacts, 15 different insert diameters from }” to 24”, over 260 contact layouts, 6 shell styles, 
current rating from 10 to 209 amps, working voltages from 200 to 50,000 volts AC. Contacts are 
precision machined from high quality copper, silver plated to ensure low contact resistance. 
All other components are manufactured to extremely high precision standards and provide the 
utmost in reliability. 





GENERAL CIRCUITRY AND INDUSTRIAL APPLICATIONS. THE K AND RK SERIES 


A general purpose, rugged durable range, offering: — Acme coarse thread coupling; conduit or 
cable clamp entry, lightweight construction. Available with from 1 to 110 contacts, including 
coaxials, in eight different insert diameters from i” to 24”. There are 7 basic shell styles accom- 
modatin3 more than 220 insert arrangements w'th current ratings of from 10 to 200 amps and a 
variety of voltage capacities. Contacts are brass, silver plated; Insulators of high quality phenolic, 
melamine or formica. Shells are cadmium plated aluminium alloy. Hermetically sealed types 
available with steel shells. An audio/video series is available in this range. 





UNIT-PLUG-IN RACK PANEL APPLICATIONS:—THE D AND DP SERIES 


This rectangular range of connectors permit rapid disconnection, interchange, replacement, 
testing and inspection of assemblies and sub-assemblies. Designed for “rack and panel” 
applications, both mating halves can be rigidly mounted, or one can be cord connected if required 
There is a vast range available including hermetically sealed, pressurised and environmental 
types. 2 to 224 contacts can be provided in rectangular inserts ranging in size from #” x +" 
up to 22” x 44", with a great variety of current and voltage ratings. 





AUDIO/VIDEO AND LOW LEVEL CIRCUIT APPLICATIONS 


Six difterent ranges are available which can primarily be iJentified by their latch-iock coupling 
mechanism, a device which permits rapid positive engagement whilst preventing accidental 
disconnection of trailing cables. Rugged cylindrical shelis permit use under arduous service 
conditions. 1 to 18 contacts, with current ratings from 10 to 30 amps are provided in insert 
diameters 1° or smaller. 





MINIATURE AND SUBMINIATURE SERIES 


These ranges of connectors are already extensive but are continually expanding due to current 
weight-space limitations of modern flight. Designed for amplifiers, miniature indicators, computor 
circuits, telemetering equipment and general instrumentation. The majority of contacts are 5 amp, 
gold plated copper. From 3 to 54 contacts are obtainable with miniature coaxials in some series. —— - 

Rectangular or circular types. Maximum insert sizes are +4” x 14%" for rectangular series and 1° [2 (TA : Ww 
diameter for circular. Hermetically sealed and environmental types available. WA AAT) a 





a | 





RADIO FREQUENCY COAXIAL SERIES 


Ava lable in a wide range of Series and types including subminiatures, MB-SM, HN, N, BNC. 
The latest development is the new aluminium series of R.F. connectors and adapters designed 
for use with semi-flexible aluminium sheathed cables, where weight saving is a critical design 
criteria. Currently available are types TNC, N, C, SC, LT and LC plugs and jacks. 





OTHER SERIES AND APPLICATIONS ” 

Cannon Electric International inc. also has available connectors for the following applications :— 
Guided Missile Launching, Battery and Power Supply, Laboratory and Switchboard, Printed 
Circuit, Manometer air line, Buffet and Aircraft Galley. In addition there are comprehensive 
ranges of AC and DC Solenoids, and “Kwik-Term" Subminiature, feed-through and stand-off 
terminals. A brand new development is the “Morpho"”—a multi-pin, modular connector of 
hermaphrodite construction. Has crimp contacts. Is ideally suitable for commercial applications 
where space, ease of wiring and neat external appearance are critical factors. 


For additiona/ information on any ot the series referred to above or if you have any specific rest facility 
connector problems write, quoting EE to:— 
in the world for 


ti ENR A eA A i 
RMA i A AR RRR RR M8 
PLUG 


CANNON ELECTRIC INTERNATIONAL INC. Speperemeeerresss 


Beart. A RRA Aa ARH NAR 
Ca. ANE ASR Ne RR ET MANUFACTURE 


168/172 Old Street, London, E.C.1. Telephone: CLErkenwell 4954 (6 lines) or, for a// European 
requirements to:— 19 Boom Straat. Bornem, Beigium. Telephone: Antwerp 770614 
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The above illustration shows a battery of Auto- 


machines applying spade terminals to telephone cords SO | d e z: | es S 


GEC are one of the many leading British companies wir ng 
who use A-MP products on telephone equipment d ° 
evices 


Close up of Automachine in Completed cord with The new telephone 
operoatior terminals 


WRITE NOW ABOUT THE CREATIVE APPROACH TO BETTER WIRING 
AIRCRAFT-MARINE PRODUCTS (GT. BRITAIN) LTD. 


Head Office: Dept. , AMPLO HOUSE, 87/89 SAFFRON HILL, LONDON, E.C.I. 
Tel: CHAncery 2902 (7 lines) Telex: 23513 Cables: AMPLO LONDON TELEX. 


Works: Scottish industrial Estate, Port Glasgow, Scotland 
TRADE MARK 
* Trade Mark of 


SOUTH AFRICA: DISTRIBUTOR: E. S$. MOWAT & SONS (PTY) LTD. 51-57 MILNE STREET, 7.0. BOX 437, DURBAN, NATAL SOUTH AFRICA 
AMP Incorporated, U.S.A 


AUSTRALIA: MANUFACTURING COMPANY: AIRCRAFT-MARINE PRODUCTS: (AUSTRALIA) PTY. LTD. BOX 78 7.0. AUBUPN, N.S.W AUSTRALIA 
DISTRIBUTOR: GREENDALE ENGINEERING AND CABLES PTY. LTD. 43-51 NELSON STREET, ANNANDALE. N.S.W. AUSTRALIA 
ASSOCIATED COMPANIES IN: U.S.A... CANADA, HOLLAND, FRANCE, GERMANY, ITALY, JAPAN, PUERTO RICO AND MEXICO 
‘Pils 
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@ [WESTINGHOUSE] @) 
STAND N°G.10 


trical Engineers (A.S.E.E.) Exhibition, Earls Court, 2ist to 25th March 196! 





Heavy current low voltage germanium and silicon rectifier 
equipment for electrolytic and electro-deposition applica- 


tions; high voltage for electrostatic precipitation. 


Rectifier equipment for traction and other specialised 


requirements. 


High power silicon rectifier equipment for medium voltage 


industrial d.c. power supplies. 


Copper-oxide, selenium, germanium and silicon rectifier units 


for low, medium or high power a.c. d.c. conversion. 


Silicon Trinistor semi-conductor devices for electronic 


switching and controllable power requirements. 


WESTINGHOUSE BRAKE AND SIGNAL CO., LTD., 82 York Way, King’s Cross, London, N.1 


Tel TERminus 6432 
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OSCILLOSCOPES OF QUALITY 


versatility and value 


NACART 


TWO CHANNEL 


with plug-in pre-amps 
providing various input 


conditions accurately calibrated 


tree 301 
High Speed 
1.¢ 40 Mc s 


Single Beam 





311 tree 
with range of plug-ins such as 
High sensitivity—100u V/cm to 150 Kc/s or 


Wide Band—ImV/1 cm. D.C. to | Mc/s 
both differential inputs 


ACCURATE PULSE GENERATORS aah acaeme 
essential and reliable electronic test gear 


10 KV High writing speed 
with range of plug-ins 


for various conditions 


5101 tree 


Square wave and pulse group generator 
fully calibrated and with 10mV 10,000,000— 1 Range of Pulse Dimensions 
100V continuously variable output Accurately calibrated 

single or double pulses 


NAGARD LIMITED, I8 AVENUE ROAD, BELMONT, SURREY _ Tel: VIG 9161-2 
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300 
200 lin; 200 


of | K ww My My | 
flush 


mounting 


MATCHING MINIATURE INSTRUMENTS 


for switchboard designers 


All ‘ENGLIsH ELecrric’ miniature moving iron and moving coil 
instruments to B.S. 89-1954 can be supplied in the following nominal es 
size cases: 24 in. and 34 in. Round Flush; 2 in., 24 in. and 34 in. a as 
Square Flush; 3 in. x 4 in. and 5 in. x 6 in. Rectangular Flush. Bold 


open scales give easy, accurate routine readings. 


For utmost reliability all ‘ENGLISH ELECTRIC’ miniature 
instruments have been designed with a higher-than-normal 
torque/weight ratio in combination with lower power 
consumption and have been successfully subjected to: 
Publications on request to 


RESISTANCE TO IMPACT SHOCK TEST of 200g in any plane 
VIBRATION FATIGUE TEST —two million cycles at peak resonant frequency 


ae Instrument Department, 
OSCILLATORY TEST — up to one million operations . 
Stafford 


The English Electric Company Limited, 


These non-breathing phenolic moulded cases can be fully sealed to 
protect the movements from acid-laden atmospheres and comply with 
specification B.S.2011.H3. 


(LIST ELECTRIC instruments 


THe ENGLISH ELECTRIC Company Limitep, ENGLISH ELectTric House, STRAND, LONDON, W.C.2 


WORKS: STAFFORD PRESTON RUGBY BRADFORD - LIVERPOOL - ACCRINGTON 


See our exhibit on Stand Mil, ELECTRICAL ENGINEERS EXHIBITION, Earls Court, March 21st—2Sth. 





me 
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ALLSCOTT 


7VFE 206 








a new high resolution panoramic 








ELECTRONIC 


James Scott ih ¢\\;:55:;, Ltd 


68 Brockville Street, 
Carntyne Industrial Estate, Glasgow, E2 


Telephone: Shettleston 4206/9 
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Modern Circuitry demands. ~ 


BY THE USE OF RADIOSPARES 
QUALITY COMPONENTS 


Our catalogue contains the largest range 

of guaranteed electronic components and 

is sent free on request to bona fide trade 
and industrial users. 


Radiospares Ltd. 
48 MAPLE STREET-LONDON-: WI- ENGLAND 
RS Telephone: EUSton 7232-9 


TELEGRAMS: RADOSPERES, WESDO, LONDON CABLES: RADOSPERES. LONDON 


RR AASAS AEE LEI TG 
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The PATTERN 
of PROGRESS 
POINTS to 


OLVERN 


lilite Wound 


POTENTIOMETERS 


The search for greater accuracy is never ending and Col- 
vern have for 30 years led the way in the development of 


Precision and Standard Wire Wound Potentiometers. The 
world’s most extensive range by one manufacturer include 
Standard, Sealed Tropical, Helical and Sine Cosine Types, 
many with Cam-Correction devices. 


INustrated is one of such 36 Basic Types 


C.L.R. 25 01 BRIEF SPECIFICATION 


RATING 7 5 watts 
RESISTANCE RANGE | we : 100 02-1 DOK «2 
RESISTANCE TOLERANCE: 

STANDARD = ; 5 

BEST PRACTICAL 1% 
INDEPENDENT LINEAR ACCURACY 0.2' 
MAX. WORKING VOLTS SPINDLE; TRACK 1,000 V.D.C. 


Expert advice on your particular problem from 


OLVERN Ltd., Spring Gdns., Romford, Essex, England 


Tel: Romford 62222 PBX 
Telegrams and Cables: COLVERN PHONE ROMFORD 


ELECTRONIC ENGINEERING 





EE 31 141 for further details 


WORLD’S LARGEST MAKERS 
OF POWER SUPPLI 
FOR SHI 


\ 


| e world’s 
Ships Radar is equipped 
with Mackie Machines 


STATIC INVERTER 
RUGGED TYPE 
INPUT 24/32V. D.C. 
OUTPUT 250W. S.P.H. 


BRUSHLESS 
MOTOR 
ALTERNATOR 
400~3 PH. Output 


Products designed to meet normal or most 
stringent requirements. 

Our long experience in this field, upon which 
we have built our reputation for performance, 


reliability and co-operation, is at your service. 


PERCENTAGE HARMONICS 


Harmonic | Typical Radar 
NL FL } Load 


0.2 
0.07 Contractors to Government Departments and many 
leading suppliers of electronic equipment. 

ARB ADMIRALTY 2 p APPR 


0.07 
0.97 
0.5 Motor Alternators ° Motor Generators 
Vth 0.56 Rotary Invertors . Rotary Transformers 
13th 0.46 Static Inverters 
17th Negligible 0.45 also 


es pena —_ Pulsing Machines for Telex and 


atee-4iré Less than 0.5 Trunk Dialling Systems 


Visit us at 
One example of high performance. Harmonic analyses compiled by . 
the Royal Radar Establishment of 400~3 PH. wave form for Radar * ASEE EX HIBITION—STAN D X4 
and computor power supplies, etc. The above figures are obtained 
without filters 


menrcras of rorsme wxcncn MAMUAE UY 


MACHINES, AUTOMATIC REGULATORS AND Established (882 
STATIC INVERTERS FOR 
ELECTRONIC APPLICATIONS ETC. 
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The high quality of Brush semiconductors is the key to 
the solution of many design problems. Brush semiconductor 
devices are now in quantity production in a greater variety 
than ever before. Brush, backed by Clevite, Shockley and 


Intermetall research, has the widest range in the country. 
This range holds the keys to the problems confronting 


you in your quest for even better equipment. 


Write or'phone to Semiconductor 
Division, Brush Crystal Co. Ltd. 





Outstanding inthe Brush range are the 
silicon and germanium transistors which 
offer 


* High current gain 
* Low leakage current 
* High voitage working 


® High mechanical strength 


Germa 


SEMICONDUCTORS 


* Low saturation resistance 

* High collector to emitter voitage 

* High current gain 

* Very high thermal! conductance 

* Very high current handling capabilities 











HY THE ‘SOUTHAMPTON ‘HANTS: Phone :HYTHE 3031 
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D.31 double beam Serviscope* 


D. C. amplifiers and slow speed time base (down to 
5 sec/cm if necessary) are eminently suitable for servo 
work and similar applications. Fast rise time (.06 » sec) 
and high writing speed (10 cm/y sec at maximum ex- 
pansion) are essential for any work dealing with fast 
pulses or TV waveforms. The unique triggering ar- 
rangements enable complex waveforms to be examined 
in detail with complete accuracy of synchronisation. At 
this moment the D.31 is in use in the diverse fields of 
computer development and servicing, radar equip- 
ment, telemetering applications, closed circuit and 
broadcast TV, automatic telephone equipment... and 
is proving itself ideally suited to laboratory work where 
an oscilloscope has, of necessity, to be somewhat of a 
Jack of all trades 


® ‘Serviscope’ is the 


Joon 


Potentialities 
per 
pound 


Both per £ and per Ib., each Serviscope* 
offers greater flexibility, accuracy and 
reliability than any oscilloscope of 
comparable specification. A radical 
reassessment of design and production 
techniques has enabled smaller, lighter, 
instruments with many improved 
features to be offered giving a far 
higher performance than their low 
price would suggest. 


Weight: 26 lbs. | S| I's 


Electrically identical, but designed 
for mounting in standard 194” racks 


S.31 single beam oscilloscope 
has the same specifications with 
a single beam display. The 
original, highly successful, 
Serviscope’ 


Weight: 16 lbs. Price: £75 


TeLequipmenT KX 


Telequipment Limited, 313 Chase Road 
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a lhe a the 


London, N.14. Tel: Fox Lane 1166 


MARCH 1961 


° 





EE 31 144 for further details 


The AMPEX FR-100B is a high performance 
instrumentation magnetic tape recorder suitable for a wide variety of 
industrial and scientific applications. In manufacturing it is used extensively 
in both machine tool and process programming. In research it will record 
such diverse things as the thrust measurements of a jet engine, cosmic ray 
counts from a satellite, or vibration data developed in testing a 
new car body. This information can be recorded by direct techniques, on 
an FM carrier, by pulse duration modulation, or through NRZ 
digital techniques. It is capable of recording up to 14 analogue or 16 digital 
tracks, operates at any of 6 standard speeds from 1% to 60 inches per 
second...can be modified for other speed combinations. And, depending on 
the system used, it will record from a direct current signal up to 100 
kilocycles, +3 db. The FR-100B will also reproduce tapes it has recorded, or 
those made on similar Ampex machines. |.R.!.G. compatible at no extra 
cost. For complete information on this remarkable recorder write to 
Ampex Great Britain Limited, Arkwright Road, Reading, Berks., England. 
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PRINTED 
CIRCUITS 
ANY 

COMPONENTS 


FLEXIBLE PRINTED 
RESISTORS 


@ Maximum heat 
dissipation in 
restricted space, 
such as contact cooled 
mains droppers 


@ Weight saving—overall 
thickness can be as little 
as .001” 


@ Extremely reliable 


@ Designed to 
customers’ requirements 


These 50 OHM printed resistors (approx. § in. sq.) were developed for 
Joseph LucasLtd and are in volume production.A Mills& Rockleyspatent 
TGA PS2 


TECHNICAL 
DESIGN 
FT a4 i oF 


My R' 
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. a radar wave directed through a 
complex layout, often in restricted space, 
call in ‘Waveflex’—a unique advance in 
waveguide technique. In the ‘Waveflex’ 
range of Flexible Waveguides are the 
answers to a hundred-and-one problems of 
complicated waveguide plumbing. 

The three types of WAVEFLEX Flexible Waveguides— 

Twistable—fiexible in E and H planes, 
and twistable about the longitudinal axis. 
Non-twistable—fiexible in E and H 
planes. 
Premoulded Twisted—fiexible in E and 
H planes, with a built-in longitudinal twist. 
Premoulding relieves the end connections 
of all twisting stresses, and the angle of 
twist can be much greater than with 
ordinary twistable guides. 


Manufactured under exacting scrutiny 
and tested to strict Government 
specifications. 

Ideally suited for use in pressurised 
systems, remain stable when bent or 
twisted, unaffected by extremes of 
temperature. 

Performance covers a broad band. 
‘Type approval’ has been given by the 
Royal Radar Establishment and the 
Admiralty. 


Wavefiex guides are available in a range of 
lengths 3” to 36” fitted with standard 
flanges. Special lengths and flanges can be 
made to order. An additional range of 
short guides, under 6”, are particularly 
useful as malalignment units and vibration 
decouplers. 


Write for full technical details to:— 


GABRIEL MANUFACTURING CO LTD 


Newton Road, Torquay, Devon. 
Telephone: Kingskerswell 3333 


A MEMBER OF THE TECALEMIT GROUP OF COMPANIEs 


WAV Eb e2s 


FLEXIBLE AND TWISTABLE WAVEGUIDES 
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3 GOOD TEMPERATURE-STABILITY 
SK LOW POWER CONSUMPTION 
3K SHOCK-RESISTANT CONSTRUCTION 


THERMOSTATICALLY 
CONTROLLED 


CRYSTAL OVENS 


TYPE QC 940 


Op Op | 


AMPEX Instrumentation Tapes 
are premium quality magnetic tapes 
designed for analogue recording 
by any of the basic techniques. 
Magnetic properties include high 
sensitivity, and a wide dynamic range 
with a stable output throughout 
the life of the tapes. Exceptionally 
smooth, hard surfaces provide 
cleaner operation with less oxide 
shed, offering greater reliability 
and reduced maintenance. These 
tapes are available in configurations 

for a wide variety of applications. 
EELS SD TOE eee They are offered on acetate or Mylar® 
on oe from — 30°C. to + 70°C. backing films, in thicknesses of 0.6, 
take one or two DEF. | © (0 Power consumption 1.0 and 1.5 mils, and in various 
cpu ensaaeel @ Low-loss PTFE sockets. widths and lengths. All are supplied 
a. a ® array ape on high-performance Ampex 
leaflet. @ Low weight: only 2; ozs. Precision Reels or on NAB-type 
reels. For application information 
SALFORD ELECTRICAL INSTRUMENTS LTD write to Ampex Great Britain 


TIMES MILL - HEYWOOD ~- LANCASHIRE Tel: HEYWOOD 6968 


London Sales Office : Magnet House, Kingsway, W.C.2. Tel Temple Bar 4668 Limited, Arkwright Road, Reading, 


A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 


orn » Berkshire, England. |AMPEX | 
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the ULTIMATE in radio 
frequency connectors... 


OVER 200 
TYPES AVAILABLE! 





| ie oe iQ) w.trp 


138A CROMWELL ROAD LONDON SW7. Telephone: FREmantle 4421 (P.B.X.) 


al/ 


bnmrannnce Welivenies from 00k -yon cate tig 0 TRANSRADIO SERVICE! 
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YK co-AXx cables 
Airflex cables 


RG cables 
Minicables 


> SAY 


CAPACITANCE & ATTENUATION 


58 STOCK TYPES“. 


for your pae_j $ 


standard or special 
y 3 J applications lea | ae | ay lio) 
a ¢ ‘i + j 2$2 j 93 
‘ RANRNISRADIO .1pD 


138A CROMWELL ROAD LONDON SW7 Telephone: FREmantle 4421 (P.B.X.) 


ly 
¢ hor HCMIOTY SHV CCE - Yat bY Hl OY TRANS RADIO SERVIER | 


TYPE Fi RIMPE 
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DIELECTRIC LOSSES! 


SILICONE RESIN-BONDED GLASSCLOTH LAMINATES have excellent dielectric pro- 
perties over a wide frequency range, low water absorption, excellent arc resistance and thermal 
endurance that permits operation up to 250°C. 

An important feature of these laminates is that they retain high insulation resistance under humidity 
cycling. 

Silicone-glass laminates are made as flat sheets, as tubes and in a variety of shapes. They can be 
machined without difficulty provided tungsten carbide tools are used and the cutting edges are 
kept very sharp. They may also be cut with abrasive disc machines. 

Applications include: printed circuits, coil formers and as supporting or separating materials in 
all kinds of electrical and electronic equipment. 


: The properties and applications of silicone-glass 
Specific gravity laminates are dealt with more fully in our booklet L18 
Tensile strength, Ib/sq in ' 

Flexural strength, Ib/sq in i — please write for a copy. 
Water absorption after 24 hrs immersion, % . 0°07~—0°02 


Power factor at 10°c/s (Ms) 
Permittivity, at 10*c/s 
Electric strength 4” thick, V/mil - 

MIDLAND SILICONES LTD 
(Associated with Albright & Wilson Lid. and Dow Corning Corporation) 
first in British Silicones 


68 KNIGHTSBRIDGE - LONDON - SW1 
TELEPHONE : KNIGHTSBRIDGE 7801 


(TAN &) 


Area Sales Offices: Birmingham, Glasgow, Leeds, London, Manchester 
Agents in many countries 


PERMITTIVITY (x) 
POWER FACTOR 


° 


10* 10" 10* 1o* 
FREQUENCY c/s 


®) MSEITI 
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NEW VINKOR SERIES 


Covers frequencies from 100 Ke/s to 


Mc/s 





a\ 


A new series of Vinkor adjustable pot The world’s most efficient pot core as- 
cores has been developed by Mullard for sembly, the Mullard Vinkor gives a choice 
use in the frequency range 100 kc/s to of 3 permeabilities and has exceptionally 
2Mc’/s. Thisseries isin addition to the highly high performance and stability. Write today 
successful group already widely used for for full details of the wide range of Vinkors 
frequencies between 1 kc/s and 200 kc/s. now available. 


Mullard | NKOR 


ADJUSTABLE POT CORE ASSEMBLIES 


Che MULLARD LTO,., COMPONENT DIVISION, MULLARD HOUSE, TORRINGTON PLACE, W.C.1. 
mci 
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BEME TELECOMMUNICATIONS LTD - CHAPMAN ULTRASONICS LTD 


DORAN INSTRUMENT CO, LTD L.S.B. COMPONENTS LTD RESLOSOUND LTD 





THE REAGH OF ALL 


at '4 normal cost 


Until recently Closed Circuit T.V. was not an economic 

proposition for many firms and laboratories because of the 

high capital outlay, now BEULAH have changed this with 

the introduction of the BEULAH D.800 Closed Circuit 

Camera. The D.800 is extremely light and compact (size 

12” x7" x 6", weight 14 lb. approx.) and can be used in 

conjunction with standard T.V. receivers. Excellent results 

are obtained with ordinary room lighting, and as many as 20 receivers can be fed by the D.800 camera up to distances 
of 4,000 ft. 

Ultra-violet and infra-red sensitive tubes are available. 

Closed circuit T.V. has a thousand uses in science and industry of which the following are only a few—Research 
observation, demonstrations, instruction, process control and instrument monitoring—You will find that the BEULAH 
D.800 camera has a particular application to your own special problem. 


@ Demonstrations of the D.800 are gladly arranged. Please write for further 
details and full specification to : 


BEULAH ELECTRONICS LTD 


LSB GOMPONENTS LID cx escers in 
COIL WINDING AND ENCAPSULATION ..: 


manufacturers of highly specialized electronic components to specification. Your enquiry 


will be dealt with promptly. 
LSB COMPONENTS LTD 


sales enquiries for all companies 24 UPPER BROOK ST - MAYFAIR - LONDON. WI PHONE HYDE PARK 2291 
D 026! EE 
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METHODS 
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4, 
DOTTOS 


HIGH VOLTAGE 
SERIES 


iN 
\Z 


HIGH CURRENT 
SERIES 
MINIATURE 
MOVING COIL 
SERIES 


NORMAL DUTY 
SERIES 
GATE OPERATED 
SERIES 


MINIATURE 
SERIES 


PRECISTON 


dee RELAYS 
SERIES 
lilustrated technical data sent on request 


ELECTRO METHODS LTD., General Products Division, 
Telephone: Stevenage 2110-7 


<i PNEUMATIC 
war 


MARCH 


1961 


CAXTON WAY, STEVENAGE, HERTS 
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Cabinet racks for 
expensive instrumentation 


This is the DYNATRON Cabinet Rack Type B, specially 
designed as a general purpose unit. With locking doors, 
or without doors. Can be built into bays of two, 
three or more units. 

Dynatron Cabinet Racks Type A, without doors, in 
three sizes. 3ft., 4ft., and 6ft. are also available. 


All these points are important 

* H nged sides giving access to equipment for ease of servicing. 
* Sides removable to enable bolting of cabinets together for 
assembly ‘nto bays of any length. 

* Allowance made for all possible cabling. 

















HEIGHT 72.56/16" 
* Ample ventilat'on. nen 
WIDTH 24.5/3° 


* Prov sion for cooling unit if required. ae ir 
: / DEPTH 


* Finest quality materials and workmanship. ce a am . : : 
i “ks NEIGHT, COMPLETE W 





* Can be supplied in a variety of fin’ shes. MOBILE UNIT 
* Mounting is for standard 19 Post Office type panels. : 





DYNATRON RADIO LIMITED 
FURZE PLATT, MAIDENHEAD 
TEL: 5150 (10LINES) 





Ee NE oe) ib 
PANEL MOUNTING 
INSTRUMENTS 


MOVING COIL A unique feature of this new range is 
the front plate of anodised aluminium, 

TYPE supplied n any colour to match sur- 
rounding apparatus. e case, of clean 
MOVING COIL rectangular styling is moulded in 
phenolic material, and fixing is easy 


WITH RECTIFIER and adaptable. 

MOVING COIL | Mecsurement ae en Ree he 
WITH currents and voltages. 

THERMO COUPLE and "al quascemary arsine hone 
MOVING IRON | amelied on metal with Genk ete om 


TYPE 





Send for leaflets today. 


SALFORD ELECTRICAL INSTRUMENTS 


PEEL WORKS, SILK STREET, SALFORD 3, LANCASHIRE. Telephone: Blackiriars 6688 
London Sales office: Magnet House, Kingsway, W.C.2. Tel: Temple Bar 4668 
A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
EE 31 156 for further details 
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Made throughout in polished stainless 
steel. 


Single action door openings. 
Rectangular with self spacings to suit. 
Double ended controls. 


Electrical interlocking of air inlet and 
isolation valve. 


Outer cover hermetically sealed. 


DOUBLE ENDED 
- STAINLESS STEEL 
VACUUM OVENS 


with glove box for semiconductor devices 


Temperature Range 0°-300°C. or 
equivalent F. 


Temperature Control: 
Normal +74°C. 
Special + 1°C. 


Internal Spacing 7” x 8” x 18”. 
(can be altered to special requirements). 
Vacuum Range. 
To 10-* m.m. 
Respective Vacuum Gauges incorporated. 
p Automatic air inlet valve on Backing Pump. 
hotographs show how a 


complete s . . , 
pc ae ioiemeee Visual Indicators and fuses on all switches. 


without exposure to otmo- . , 
sphere, by meons of our Flanged for fitting into Dry Box. 


Ovens. 


We design and manufacture Ovens to Customers’ special 
requirements. Should you have any problems in this field, our 
Technical Department is always willing to help you solve them. 
Vacuum Ovens with temperatures of up to 600°C are also manu- 
factured by us on similar lines but with Sectional Heating and 
Water-Cooled Ends. 


We design, manufacture and supply Vacuum Machinery to major 
companies in Great Britain and Overseas. 


srOWE, 
VACWELL ENGINEERING CO., LTD. U 


WILLOW LANE . MITCHAM - SURREY Tel: MiTcham 8211 (3 lines) % 
G, 


9 
co. 
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3}” Centrifugal 


<P? 


‘GRAPHPLOTTERS. 


cool and 
calculated 


si Silos os op KEITH BLACKMAN 


powered A.C. servos and sound 
mechanical construction (also 


for wall-mounting) Cooling problems, even in the smallest and most complicated 


@ Plotting areas 10in. x 18 in., 30 in. x assemblies, are not new problems to Keith Blackman who 


18 in., 30 im. x 30 in. (25 x 45 em., 
Out Pa au a apiece have made a calculated study of fans and their uses for over 


Sensitivity down to 10 mV/inch 76 years. Write for publication No. 41/3 describing several 
ancicetadammed interesting fans and blowers suitable for the electronics 
Speeds up to 20 in./sec. (50 cm/sec.) 
industry. 
Repeatable accuracy better than “ 
0.2 per cent. 





c tant speed Hable X axis. 





Variable or switched sensitivity 
controls. 


Units with ball point pen or single 
symbol printer (interchangeable 
symbols). 


Vacuum paper-hold optional. 


Auxiliary wunitse—Keyboards and 
punched card or punched tape 
input units. Also trace readers. 3” 6” Propelicr 














Dobbie McInnes 


beseereensse) ite small fans and blowers 


Centrifugal - Axial - Propeller 


Keith Blackman Ltd 


MILL MEAD ROAD - LONDON NI7 
Telephone: TOTenham 4522 1409952 
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G.E.C. presents new subminiature silicon junction diodes 
The SX11 and SX13 are double-ended subminiature 
silicon junction diodes suitable for general purpose 


applications up to ambient temperatures of 140°C. 





MAXIMUM RATINGS CHARACTERISTICS 





Average forward 


‘ 
Peak current (mid Ambient 


reverse voltage = temperature range curremt af peat velnge & 
(v) -55°Cto| (°6) reverse voltage and 100 mA and 25°C 
ma er an resec | T7OOS rt Ge 


100 -55 to +160 o-2 


Typical reverse Typical forward 











100 -55 to +140 ro 





























SEMICONDUCTORS 


For full information on this and other semiconductor devices, write to: 

THE GENERAL ELECTRIC COMPANY LIMITED - SEMICONDUCTOR DIVISION 
SCHOOL STREET - HAZEL GROVE - STOCKPORT - CHESHIRE 

(Or, in London area, telephone TEMple Bar 8000 Ext. 10) 
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where you want it- 
when you want it 


Guyson give you versatile Light Industrial 
Shottlast Cabinets These virtually self- 
contained units can be easily moved to any part 
of the production line, to clean, de-scale or 
matt-finish components in metal, glass, plastics, 
ceramics, etc., saving valuable time. The blast 
gun, operating at pressures from 30-150 p.s.i., 
will handle abrasives of all kinds from ‘fines’ to 
20 mesh, and special grains for the latest de- 
flashing techniques on plastics, or metal 
sheening processes. The Guyson range of 
machines gives you a wide choice of Bench 
Models, Floor Models, Sit-Down Machines, etc , 
covering all phases of light industrial shotbiasc 
requirements Why not send for Bulletin 


400/20(C) today and learn how Guyson equip fu Lae] ft] 
ment can help your production. S= Regd 


GUYSON INDUSTRIAL EQUIPMENT LTD., 
NORTH AVENUE, OTLEY, YORKS. Tel: OTLEY 2456. Grams: ‘GUYSON OTLEY’ 


Mustrated is the Model 400 20. 








TRANSFORMERS 


A.D. and 
ADMIRALTY approved 


Your enquiries will receive our trompt attention 


STEWART TRANSFORMERS LTD. 
KILBURN LANE - LONDON W./O. 
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MILTOID SALES 


DIVISION 
BX PLASTICS LTD. 


The British Xylonice Group. 


STOCKISTS OF 


BX 
POLYSTYRENE 


Clear Crystal Standard Commercial Quality 


A first-class rigid insulating material, supplied 
ex-stock in sheets and rods in a range of 
thickness and diameters. 


Information and guidance on manipulation, 
machining and cementing available on request. 


34 Royal College Street, London, N.W.1. 
‘Phone: EUSton 4146 ‘Grams: Celudol Norwest London 

















T.A.7853 
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STEPPING RELAY 


Actual size 


Stepping Relay... Rotary Switch... Relay. . . now all in 
one! Thorn introduce a single unit which combines all the 
features of three components, yet is only slightly larger 
than a conventional relay. 

1, Stepping Relay Ratchet driven with two cams which open 
and close double contact type springs in accordance with 
the cam pattern. 

2. Rotary Switch Ratchet driven with four banks of twelve 
points each with sliding bifurcated spring wipers. Trans- 
parent dust-cap can be fitted if required. 


For further information write to 


THORN ELECTRICAL INDUSTRIES LTD 


(incorporating Components and Connectors), Great Cambridge Road, Enfield, Middlesex. 


MARCH 1961 
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3. Standard Relay Knife-edge armature pivot operating 
contact springs and a ratchet and pawl driven stepping 
mechanism. 

Coil voltages available 12, 24, 48 and 110 volts D.C. 


The unusual versatility of this 3 in 1 unit will have wide 
application in Automation, and in counting and tallying 
operations. Automatic test equipment requiring program- 
ming, sequencing or memory storage are other practical 
uses. Relatively low power requirements make the 3 in | 
unit ideal for Remote Control and’ Telemetering. 


SPECIAL PRODUCTS DIVISION if 


ENFIELD 5353 


pTv/j 


ENGINEERING 
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Soldering 
Instruments 
and Equipment 


DCOL 


Trede Mark 


Ilustrated 


& in. DETACHABLE 
BIT SOLDERING 
INSTRUMENT 
L64 
POSITIONED IN 
PROTECTIVE UNIT 
WITH ACCESSORIES. 
L700 


INSTRUMENTS WITH 
THE CORRECT 
SOLDERING 
TEMPERATURES 


ALL VOLT 
RANGES 
6/7 to 230/50 
VOLTS 


British & Foreign 
Pats. & Reg. 
designs. 


For further information and full illustrated catalogue apply head office. 


ADCOLA PRODUCTS LIMITED 


GAUDEN ROAD, CLAPHAM HIGH STREET 
LONDON, S.W.4 


Telephones: MACaulay 3/01 and 4272 Telegrams: SOLJOINT 
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MEGOHM METER... 


20 MEGOHMS TO 50,000 MEGOHMS STANDARD. 
OTHER RANGES TO ORDER 


MEGOHM METER LSI87-E 


Enables unskilled operators to read 
insulation resistance direct in megohms 
in the laboratory, in the factory or on 
location. Readings independent of 
mains fluctuations and measuring circuit 
inherently safe against accidental over- 
loads. 

The Altron Megohm Meter is used 
extensively by industrial operators and 
by research organisations throughout 
the U.K. and overseas. 


ALLIED ELECTRONICS LTD. 
28 UPPER RICHMOND ROAD, LONDON, S.W.I5 
TELEPHONE: VANDYKE 1856 


@ PORTABLE 


@ SELF 
CONTAINED 


@ MAINS 
OPERATED 





For EX-STOCK delivery of 


the following products 


Radio Restor Co. 
Siemens Edison Swan 
S.T.C. 

Rk ot a 
Westinghouse 
Woden 

B.I. Callenders Permanoid 


Arcoletric Erie 
Hunts 
McMurdo 
N.S.F. 
Partridge 


Automat 
Belling Lee 
Bulgin 
Colvern 
Dubilier 
Electrolube 


Painton 


and many other leading manufacturers 


CONTACT 


FARNELL 


INSTRUMENTS LIMITED 


Light Industrial Estate 
YORK ROAD, WETHERBY, YORKS. 
or Telephone Wetherby 2691 and 2 





We also hold good stocks of Cable, Sleeving, Tools, 
Lubricants and Sundry Items. 


Our 68 page fully illustrated Electronic Components 
Catalogue is now available. 


OBTAIN YOUR FREE COPY NOW 


EE 31 167 for further details 
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GRESHAM 
MAGNETIC 
RECORDING 
HEADS 








Type A404 RP 
INTERLACED HEADS FOR LOW CROSS-TALK 
.040" TRACK WIDTH 





4 tracks on each head giving 8 tracks on } inch wide tape from a pair. These 
heads give low cross-talk and are especially suitable for multi-track direct 
recording applications. The two windings of each track are brought out 
to four terminals, allowing the use of a centre tap if desired. 


Height: 1.25 inches Depth: 1.3 inches inc. terminals. Width: 0.7 inches 
Track width: 0.040 inches +.001 Track Spacing: 0.120 inches +.001 
Gap length: 0.00025 inches +20% Pole length: 0.192 inches +.005 
Heigth of lower edge of bottom track from base: Upper—0.538 inches +.001 

Height of lower edge of bottom track from base: Lower—0.478 inches +.001 

Azimuth, vertical to base, within -+-.0005 radians 

Elevation, vertical to base, within +.001 radians 

Inductance (2 coils in series) 10 milli-Henries +25%, 

Resistance (2 coils in series) 10 ohms +25% 





} 
+H 4 + 4444+ 


San GEG IS OS © 6 G2 | ER Gee SE 
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Direct Recording (Output 
v Frequency) 

Tape Induction 12 db below 
2% distortion 

Tape speed 7.5 inches/sec 
Record current 0.11 mA 

Bias current 3.0 mA 


+--+ $+4444 














Litiis 
10 beh 





GRESHAM LION ELECTRONICS 


Hanworth Trading Estate, Telephone Feltham 6661 
FELTHAM, 
Middlesex 
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The Flamemaster 
hand torch 


# FLAMEMASTER iso registered trade name of STONE-CHANCE Ltd 


The Sione-Chance FLAMEMASTER is now distributed only by 
Buck and Hickman Ltd. 


This famous little tool remains unchanged in design and is 
invaluable for all glass working, metal brazing and soldering. It is 
made and will continue to be made by Stone-Chance, but your 
enquiries and orders should now be addressed to :— 


BUCK & HICKMAN LTD. 


2 Whitechapel Road, London, E.! 
also at Birmingham, Bristol, Glasgow, Leeds and Manchester 


Stone-Chance Ltd., Schomberg House, 82 Pali Mali, London, S.W.|! 





For 


use the 


at | 


Incorporating built-in Crystal Controlled Source 
and Detector, the Hatfield LE300A R. F. Bridge 
also measures any three terminal network. 

Price £158 
Transistor Adaptors and Low-Impedance Adap- 
tors available shortly. 


The wide range of high quality Hatfield 
Instruments includes 


@ Stabilised D.C. Power Unit. 
@ D.C. Amplifier @ A.C. Power 

Supplies. 
@ R.F. Variable Attenuators. 
@ Coaxial Switches @ Valve Milli- 

voltmeter. 
@ Balanced Crystal Modulator. 

INSTRUMENTS LTD 


Write for fully illustrated colour brochures 





First with Wide Band R.F. Transformers 


Dept. EE, BURRINGTON WAY, PLYMOUTH, DEVON Telephone: Plymouth 72773 Telegrams: Sigjen Plymouth 
EE 31 170 for further details 
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ana now 


another ‘First’ for Crompton Parkinson—- 
Miniature Circular-Scale Moving-Iron 
4 Instruments 


With 2” dial and 240° circular scale 3}” long, 


Ammeters... voltmeters... |) square bezel; or 24” dial and 240° circular scale 44° 


long, round bezel, in die-cast sealed metal cases 
Maximum self-contained ranges: 0/30 amperes and 
Tait 0/300 volts. Metal-cased, nitrogen filled and sealed; 
humidity Pp roof. er j dimensions conform with Ministry of Defence 
Specification DEF-62. The whole range also available 


resistant to mechanical 57) in moulded plastic cases. 


Crompton Parkinson also make a matching range of 
moving coil instruments. 


; (rompton Parkinson 
easy reading... . miniature 


space saving...accurate [INSTRUMENTS 


shock up to 200g... 


—per scale inch the lowest-cost high class 


: instruments on the market 
CROMPTON PARKINSGON LTD., CROMPTON HOUSE, ALDWYCH, LONDON, W.C.2. Ta 
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THIS PHOTOGRAPH 
is reproduced by courtesy of 


MULLARD LTD. 


and shews the clean lay-out employed by this 
organisation. 

Welding techniques are the key to the phenom- 
enally high production rates associated with 
extremely low shrinkages that are achieved. 


THE WELDER 


illustrated here is type “RK2” which is unique 
in that it combines High Speed accurate weld- 
ing with the minimum of effort and skill on the 
part of the operator. The frictionless electrode 
system precisely controls, apart from position- 
ing, the structure throughout every phase of 
the complex welding cycle. 


Practically every known metal and alloy is now 
being welded on these machines whiah are 
obtainable up to 75 KVA. They represent the 
ultimate in precision welding. 


OTHER PRODUCTS 


ELECTRONIC TIMING GEAR. PROCESS 
CONTROLLERS, MAGNETISING EQUIPMENT. 


Poneman SOUTH LONDON ELECTRICAL EQUIPMENT 


COMPANY LTD. 





: . 


—— 


5 NETRA RN” 


# e 


from stock 


Mild and Spring 
Coils and Lengths 


. 
: 
t 


LY 


—h celet a Milt ahd del aa! 


A Hermmina Ltd a: 
WV ” yrcr rd Stree 


we @lleleltla® 


Tel: SOU 4511 
(5 lines) 


Birmingham 


ark Road, Moseley. | 


if it comes from HEMMING—it comes of good stock 
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DIRECT READING FREQUENCY 
METERS 














Frequency 
Range kMc/s 


| 
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The SIVERS LAB Direct Reading Frequency Meters enable a quick and accurate determination 
of frequencies in the Microwave region to be made. The frequency range from IkMc/s to 
18kMc/s is covered by 10 models. Each model operates over the full waveguide bandwidth, 
with direct reading accuracy better than +0.1%. The frequency meters have two coupling 
windows, to which the basic elements below can be connected. 


Attachments and remote controls are available to enable the Frequency Meter to be included 
in the interior of a system with the control and frequency indication on the front panel. 


WAVEGUIDE SWITCHES 











Frequency Waveguide 
Available types Range kMc/s Type No. 
SL 5980/41/51/42/52 2.6 — 3.95 WR284—WGI0 
SL 7490/41 /61/42/62 3.3 — 49 WR229—WGIIA 
SL 5990/41 /61/42/62 3.95— 5.85 WRI87—WGI2 
SL 7010/41 /61/42/62 5.85— 8.2 WR137—WGI4 
SL 7020/41 /61/42/62 7.05—11.0 WR1I12—WGIS5 
SL 5600/41 /61/42/62 8.2 —12.4 WR 90—WGI6 
SL 7030/41/61 /42/62 12.4—18.0 WR 62—WGI8 

















First suffix means circuit as above. Second | or 2 mean manual or automatic type. 


SIVERS LAB has a long experience of waveguide switches, both manual and automatic types. 
The newest designs are further improved both mechanically and electrically and provide an 
ideal solution for high and low power microwave systems. 


The automatic types have been designed for use where very fast switching is required, e.g. for 
reversal, standby and measurement in radio links and in modern broadband radar systems 
fitted with two magnetrons. 


For very fast switching automatic switches employ a spring which is rewound after each 
operation by means of a motor, driven from a low voltage d.c. supply or a small rectifier. 
Remote indication is provided. 


The low VSWR of less than 1.05, in some types below 1.02, makes both types suitable in 
laboratory use to speed-up tests on microwave tubes and components. 


The isolation between different channels is at least 80 up to 100 dB over the whole frequency 
band. This makes testing of radar stations possible without disclosing frequency or geographical 
situation. 


Both automatic and manual types are manufactured for frequencies from |.1-18.0 kMc/s. 
SIVERS LAB manufacture high precision microwave instruments and components for modern 
radar and radio links. For further information about our programme please ask for complete 
catalogue. 


For further information about our programme please write for complete catalogue, 


SIVERS LAB #2 


Sales and service: B. & K. Laboratories Led., 4 Tilney Street, Park Lane, London, W.!. Telephone: GRO 4567 
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THIS PHOTOGRAPH 
is reproduced by courtesy of 


MULLARD LTD. 


and shews the clean lay-out employed by this 
organisation. 

Welding techniques are the key to the phenom- 
enally high production rates associated with 
extremely low shrinkages that are achieved. 


THE WELDER 


illustrated here is type “RK2” which is unique 
in that it combines High Speed accurate weld- 
ing with the minimum of effort and skill on the 
part of the operator. The frictionless electrode 
system precisely controls, apart from position- 
ing, the structure throughout every phase of 
the complex welding cycle. 

Practically every known metal and alloy is now 
being welded on these machines which are 
obtainable up to 75 KVA. They represent the 
ultimate in precision welding. 


OTHER PRODUCTS 


ELECTRONIC TIMING GEAR. PROCESS 
CONTROLLERS, MAGNETISING EQUIPMENT. 


SOUTH LONDON ELECTRICAL EQUIPMENT 
HIGH SPEED RELAYS AND CONTACTORS, ETC. 


COMPANY LTD. 





BRIGHT 
STEEL 
STRIP 


from stock 


Mild and Spring 
Coils and Lengths 


~~. 


5 
a 
1 


DLA ALINE LORAIN 
- 


‘ 
’ 
{ 


Stock List from 


ae Tel: SOU 4511 
(5 lines) 


bee Birmingham 


if it comes from HEMMING—it comes of good stock 
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DIRECT READING FREQUENCY 
METERS 














Frequency 
Range kMc/s 
1.i— 1.7 
1.55— 2. 


yw 
a 


OP -Onvaea 


PONvawwn 
*rosaviawuw 
Sarenrwvwos 











The SIVERS LAB Direct Reading Frequency Meters enable a quick and accurate determination 
of frequencies in the Microwave region to be made. The frequency range from IkMc/s to 
18kMc/s is covered by 10 models. Each model operates over the full waveguide bandwidth, 
with direct reading accuracy better than +0.1%. The frequency meters have two coupling 
windows, to which the basic elements below can be connected. 


Attachments and remote controls are available to enable the Frequency Meter to be included 
in the interior of a system with the control and frequency indication on the front panel. 


WAVEGUIDE SWITCHES 








Frequency Waveguide 
Available types Range kMc/s Type No. 
SL 5980/41/51/42/52 2.46 — 3.95 WR284—WGI0 
SL 7490/41 /61/42/62 3.3 — 49 WR229—WGIIA 
SL 5990/41 /61/42/62 3.95— 5.85 WRI87—WGI2 
SL 7010/41/61 /42/62 5.85— 8.2 WR137—WGI4 
SL 7020/41 /61/42/62 7.05—11.0 WRI12—WGI5 
SL 5600/41 /61/42/62 8.2 —12.4 WR 90—WGI6 
SL 7030/41 /61/42/62 12.4—18.0 WR 62—WGI8 




















First suffix means circuit as above. Second | or 2 mean manual or automatic type. 


SIVERS LAB has a long experience of waveguide switches, both manual and automatic types. 
The newest designs are further improved both mechanically and electrically and provide an 
ideal solution for high and low power microwave systems. 


The automatic types have been designed for use where very fast switching is required, e.g. for 
reversal, standby and measurement in radio links and in modern broadband radar systems 
fitted with two magnetrons. 


For very fast switching automatic switches employ a spring which is rewound after each 
operation by means of a motor, driven from a low voltage d.c. supply or a small rectifier. 
Remote indication is provided. 


The low VSWR of less than 1.05, in some types below 1.02, makes both types suitable in 
laboratory use to speed-up tests on microwave tubes and components. 


The isolation between different channels is at least 80 up to 100 dB over the whole frequency 
band. This makes testing of radar stations possible without disclosing frequency or geographical 
situation. 


Both automatic and manual types are manufactured for frequencies from |.1-18.0 kMc/s. 


SIVERS LAB manufacture high precision microwave instruments and components for modern 
radar and radio links. For further information about our programme please ask for complete 
catalogue. 


For further information about our programme please write for complete catalogue, 


SIVERS LAB =~ 


Sales and service: B. & K. Laboratories Ltd., 4 Tilney Street, Park Lane, London, W.!. Telephone: GRO 4567 
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%*% Combines high speed fixing 
with simplicity and 
security. 

*% Brings a new versatility, 
compactness and neatness 
to your wiring. 

% Completely insulated and 

itable for ali cli 





* Proved in wiring 
installations throughout 
the world. 


yy 


WU 


*%& Cuts wiring time by 52% 


% Reduces production 


bortl ks and 





materials. 


* Proof of the way 
Cradieclip saves time and 
money is available in our 
Time and Motion Study 
Report which will be sent 


to you on request. 


..~ that’s 
cradleclip 


... and the reason for the phenomenal success throughout the 
world of this pn wmmennpe few system. The one-two... 
and it’s done slickness of Cradleclip together 

with all it’s other outstanding features bring 

new standards of efficiency at every stage 

of switchgear production and wiring 

contracts. 


The cradle sizes give a wide scope of 


» and 
Cradileclips are so strong , 
no wastage. Ask anyone, from 


one-two 
and 
— it’s done 
jeep lng a 
Wiring System now. 


INSULOID MANUFACTURING CO. LTD. 
Sharston Works, Leestone Road, 
Wythenshawe, Manchester. 


Tel: Wythenshawe 2842 & 3163. 
Come and see us on Stand Z11 at the A.S.E.E. Exhibiiton, Earls Coust. 
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Servo indicator manufactured for Weapons Division, A. V. Roe & 
Co. Lid., in connection with a remote indicating level, sensitivity £ 
one minute of arc. Indicator is also fitted with a repeater synchro 
to drive a pen recorder. 


MODULAR SERVO GEAR BOXES 


Complete mechanisms can be produced to specific 
requirements from standard components. Readily inter- 
changeable gear ratios and components bring HIGHLY 
COMPETITIVE PRICES and quick delivery. Suitable 
for experimental prototype and production quantities. 
Gears to Admiralty Class 1, zero backlash in all ratios 
using spring loaded split gears corrosion resistant 
throughout, ball bearings friction tested, assembly 
work carried out in dust-free conditions. 


Write for Bulletin No. 10 to 


RELIANGE GEAR COMPANY LTD 


St. Helens Gate, Almondbury, Huddersfield. Tel 7762/3 








Pes ——~\, 
ya \ 
Still as simple— still as accurate 


EM-CON 


T 
temperature control 
coe 7) 


ae 


Full details from 
TYER & COMPANY LTD 


(formerly P.A.M. Ltd) 


Perram Works, Merrow Siding, 
Guildford, Surrey ~- Te/: Guildford 2211 


Witha sation 
of the Souther: tric Corporation 
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Hewlett-Packard 


Oscillators 


for frequencies 0.008 cps to 10 MC 


-hp- 650 A Test Oscillator 

One of the most popular -hp- oscillators 

is Model 650 A, 10 cps to 10 MC, a highly stable 

instrument for audio, supersonic, video and 

RF measurements. Output is flat within 1 db full —_-hp- Audio tests 20 cpsto40KC 1 watt /24.5 V 


range, voltage range 0.00003 to 3 V. Distortion remy Seiiensic ttush euper- 5 cps to 600 KC 160 mW or 10 V/_ 
S sonic audio end oles 600 ohms; 
less than 1 % to 100 KC. sonic tests 20 V open circuit 


6 cps to 6 KC 160 mW / 10 V 














. . t 
Hewlett-Packard offers you 13 high-quality, EE. RE ENT 
. Driving -hp- 739AR 5 cps to 600 KC 3 V rms into 50 ohms 
very accurate oscillators. Each uses Frequency 
‘ . . . . Response Test Set 
the resistance-capacity circuit pioneered by es a sincelaphecioteiacin 
. . Tel t 250 100 K 160 mW wv 
Hewlett-Packard — the circuit that makes mea aaNet 600 ‘ohms, _- 
a : am : 20 V t 
possible high stability, wide range, compact teens coil 








20 cps to 20 KC 3 W or 42.5 V / 600 ohms 


P -hp- 201 C High lit dio test 

and rugged instruments. These dependable . Se nda 
; ; -hp- 202A Low f 0.008 to 1 -p/ 

oscillators are simple to operate and require ° mentucomente. eae i he =e 











no tiresome resetting or adjustment during 1p- Servo equipment tests, 1 cps to 100KC 160 mW or 10 V 
measurements 


operation. arsinniniteningiioeceniaa 7 ee 
hp- 205 AG High t to 20 K 
Many world-famous Hewlett-Packard laboratory 4 SS... aaa 


gain measurements 
instruments are now made in the new hp- High quality, high ac- 20 eps to 20 KC 
. t 
Hewlett-Packard GmbH plant at Béblingen, HOU me Ps <P ED Hat HOS EERE AE TEATS: 
Stig hp- 207A A 1 
near Stuttgart. Here quality engineering and sia Pomp entes:. Seem: wee 


latest manufacturing techniques bring hp- 233A Carrier oscillator- -~—«6O eps to S00KC 8 W/600 ohme 
> . t test 

you instruments of exceptional performance at . ts e+ 

moderate price -hp- 650A Wide range video tests 10 cps to 10 MC 156 mw/3 Vv 











Prices delivered U.K. exclusive of duty where payable. For information, technical sales and engineering help, or a 
Continuous progress in design may affect the above specifi- | demonstration please write or call 
cations which are therefore subject to change without notice. 


Hewlett-Packard S.A. 


Geneva (Switzerland) Rue du Vieux-Billard 1, Tel. (022) 26 43 36 
Exclusive Distributor for United Kingdom: 

LIVINGSTON LABORATORIES LTD. 
RETCAR STREET, LONDON, N. 19 
Telephone: ARChway 6251 HSPA - 


leads the way 
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ANOTHER ADDITION TO THE ORTIPHone MINIATURE COMPONENT RANGE 


new miniature 
relay G.100 
rugged, reliable 
and sensitive 


Temperature Range =—35° to + 125°C TWO POLE CHANGE-OVER - LOW OPERATING POWER 


Dimensions =.80" x .90” x .37” 


Coil Voltage =1.5 to 48V 


Nominal Sensitivity —120 mW SMALL SIZE 


BALANCED ARMATURE 


Actual Sensitivity —40 mW TWO COMPARTMENT SEALING 


Contact Rating =.3A at 50 V Max 
(will be uprated) 


Vibration =Better than 309 For further details please write to:— FORTIPHONE COMPONENTS DIVISION 


from 10 to 3,500 c/s 


(Dept. R.2.) 
92 MIDDLESEX STREET, LONDON, E.1 








THE 
“54” 
DRAWER 
UNIT 


ALL STEEL 
Stove 
Enamelled 
DARK 
GREEN 


OVERALL 
SIZE 
42” HIGH 
35” WIDE 
113” DEEP 


Contains 54 of these drawers, 
each 5” wide 3” high 11}” long. 
54 dividers and 54 drawer cards , 
with each unit. Extra dividers |S 
6d. each. 


£18 DELIVERED FREE to 
ENGLAND, SCOTLAND and WALES 
SEND FOR SAMPLE DRAWER 


N. C. BROWN LTD. 


EQUIPMENT WING . HEYWOOD . LANCS. 
Telephone: Heywood 69018 (6 lines) 
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@ Perfectly 
balanced 100 WATT 


@ Fiat copper bit y SOLDERING IRON 
shaped for any 
application costs only 29 - 
e New stainless steel / / including post and packing. 
side plates eliminate / Trade quantity discounts on 
corrosior 
@ Strong robust element 
with large surface ensures 
good heat transfer and long 
life . All eb Gach 
@ Improved shock resisting tested at 1000 volts 
moulded handle. te earth to ensure 
RELIABILITY, 
QUALITY AND 


A really professional, high watt- SAFETY 


age iron at an economical price 


Suitable for operation at 12 v., 50v., 100/ 
110 v., 200/220 v., and 230/250 v 


Please state voltoge required when ordering. 
Send for leaflet or order direct from: 


Standard Telephones and Cables Limited 


industrial Supplies Division 
Staneico Process Heating, Footscray, Sidcup, Kent. 
Footscray 3333 
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It is the only Potentiometer Recorder that is both 
portable and self-contained weighing just 17 Ibs., 
INSTRUMENT INSPIRATION (5}" x 6}" x 93") complete with its own INTERNAL DRY 
BATTERY POWER SUPPLY. For sheer versatility there 
is nothing to approach this new MERVYN instrument 


THE COMPLETELY BATTERY OPERATED PORTABLE 
POTENTIOMETER RECORDER 





MERVE ANSTRUMICITS ost. sunnay - isnotane + ese asset 
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VACROM.. 


NICKEL-CHROME RESISTANCE WIRES AND TAPES 


Fine and superfine wires down to .007” diameter are 
available in either bright or oxidised finishes. A heavily 
oxidised finish can be supplied to withstand a higher voltage 
drop between turns. Supplied to B.S. or to customers own 
requirements. 


VACTITE 


VACTITE WIRE COMPANY LIMITED - LINACRE LANE - BOOTLE 20 


LANCS. 








LEVELL 











new— 
unique 


1.5 c/s to 150 kc/s. 
Continuous coverage in 5 ranges. 


LOW DISTORTION 
Less than 0.1% at | ke/s. 


OUTPUT 2.5V INTO 600 OHMS. 
Continuous control down to 250uV. 


CONSTANT AMPLITUDE 
Within 0.1dB over whole range. 


NO SLOW WARM-UP DRIFT 
Stable after initial 30 seconds. 


NO MAINS HUM 
Supply battery life of 400 hours. 


LEVELL ELECTRONICS LTD. 
10-12 ST. ALBANS ROAD, BARNET, HERTS. 
BARnet 5028 
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Type TGI50M 
(illustrated) 


Type TGI50 
(without meter) 
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IR/A/C/A|L/ announce 
10-Nic/s 
Transistorised 





DIRECT READING DIGITAL 
FREQUENCY METER - COUNTER -TIMER 
TYPE SA 505 


Designed to meet the 
needs of all laboratory 
applications, the SA505 
combines the latest tran- 
sistor techniques in a 
versatile and compact 
instrument. All circuitry 
is arranged on plug-in 
printed boards for reli- 
ability. 

For full technical 
specification write for 
Publication 181 D, 





WITH THESE OUTSTANDING FEATURES (Price £720 ex works) 


Direct frequency measured 0-10 Mc/s. @ Clock pulse source. 

Accurate period and time interval @ Operates remote read-out or digital printer. 
measurement. @ 9" highx 134" wide x 23” deep(25x 35x 59cms.) 
Self-contained Frequency Standard Weight: 30 Ibs. (13-6 kgms.). 

1 part in 10’, 


Peo INSTRUMENTS LIMITED 


BRACKNELL - BERKSHIRE - ENGLAND - Tel: Bracknell 941 - Grams/Cables: RACAL BRACKNELL 


R61 /AS 
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Width 24” 


CONSTANT SPEED 
MOTORS 


Write or telephone now for full 
details of this versatile compact, multi- 
purpose LIGHT DUTY Motor Unit with the 
sintered bronze rotor bearings that ensure 
years of reliable service. SELF-STARTING. 
POWER: CONSUMED 2 WATTS. 
WIDE VARIETY OF OUTPUT 
SPEEDS. 


* 


SMITHS CLOCK & WATCH DIVISION 


Contracts Branch, 179 Great Portland Street, W.!. Telephone: LANghom 58/1 
Overseas enquiries to Sectric House, N.W.2. England. Telephone: GLAdstone 6464 
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FOR ALLTYPES a 
FAST 


PRODUCT 


FOR 
very Industry 


CAPACITY :— 

1. Plastics 

(a) Injection Moulding to 10 Ib by weight and all materials. 
(b) Compression and Transfer. All phenolic, urea and dough 
moulding compounds. (c) Blow Moulding off thermo-plastic 
materials. (d) Vacuum forming. (e) Extrusion (all kinds of sections 
and rounds) ({) Lay flat biown film, 

2. Ferrous and non-ferrous machined and pressed parts. 

3. Spraying, Embossing and Printing on plastic. 

4. Complete assemblies. 

5. Tools designed and made. 


ASTIC-WE CAN MAKE tf 


\ 


/FITS PL 
The CO-ORDINATORS SERVICE 


(ENGINEERING) LTD. 


‘' SHADY LANE, BIRMINGHAM 22A. Phone Great Barr 4237 
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Here's how typical marking needs 
are met by Markem 


Model 148A — Completely Automatic Marking of 
all types of surfaces — fiat, curved, corrugated, 
irregular, etc. — without hand rolling or pressing. 
May be mounted for automatic in-line marking or 
objects may be hand fed to adjustable work table. 
Average production 2100 to 3100 per hour. 


Model 122A — Simultaneous Top and Side Mark- 
ing as well as date coding of transistors, similar 
cylindrical components with base leads. Hopper- 
fed machine automatically prints and ejects up to 
2500 units per hour. 


Model 69A — High Speed Color Banding of diodes, 
resistors, capacitors, similar axial lead cylindrical 
components. Up to 6 colors simultaneously, or 5 
color bands plus typographical marking. Color, 
band width, spacing easily changed. 


Model PAF-AG — Versatility for marking compo- 
nents with axial, one-end axial and radial leads, 
and components without leads. Production to 
3000 per hour. Offset printing unit eliminates 
rubber plates, and use of Masterpiates permits 
quick changes of all or part of the imprint. 


Helping your product speak for itself 


MARCH 1961 
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NOW... 


MARK THEM AS FAST 
AS YOU MAKE THEM 


with clear, durable, 
attractive imprints 


A Markem machine can mark your elec- 
trical or electronic product at production 
speeds, even when imprint changes are 
frequent. More than 40 basic groups of 
machines have been developed to mark 
all types of parts and packages using one 
of the thousands of specialty inks that 
have been formulated for marking metals, 
plastics, glass and other materials. We 
can supply inks for air drying, baking or 
firing and with resistance to handling, 
high temperatures, salt spray, humid- 
ity and other environmental conditions. 
With 49 years of experience in the in- 
dustrial marking field, Markem now 
offers the world’s most complete line of 
machines, type, ink and supplies — plus 
helpful advice and service from com- 
petent representatives. 


Write for this 12-page cat- 
alog of Markem machines 
and related equ nt for 
the electrical and electron- 
ics industries. Complete 
specification sheets are 
also available for individual 
machines. 


MARKEM (U. K.) LIMITED 

24 Brownfields 

Welwyn Garden City, Herts, England 
MACHINEHANDEL H. RUSCHE 
Via Maartensdijk 

Hollandsche Rading, Holland 
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Sintered COMALLOY 
A MACHINEABLE PERMANENT 
MAGNET ALLOY 


Energy product 


(BHimax.) 1.0 « 106 gauss-oersteds. 


The comprehensive range of Murex sintered mag- 
net alloys has been extended by the addition of 
this isotropic alloy having a reman- 
ence of 10000 gauss and a coercivity 
of 250 oersteds. 


Properties 


Prior to final heat-treatment, the 
machining characteristics of 


Machineability 


Comalloy are similar to those of ° 


mild steel. This advantage together with the 
advantages inherent in a sintered material, sim- 
plifies many design and manufacturing problems. 


A leaflet giving details of physical and magnetic 
characteristics can be provided upon request, and 
technical personnel are available to advise custo- 
mers in the application of Comalloy and other 
permanent magnet alloys manufactured by 
Murex Ltd. 


MUREX LTD (Powder Metallurgy Division) 


Rainham, Essex Reinhom, Essex 3322 
Telex 28632 Telegrams: Murex, Rainham-Dagenham Telex. 
London Sales Office: Central House, Upper Woburn Place, W.C.!. Tel. EUSton 8265 
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*One of the many 
uses of Knitmesh 


“8 


*Others include 
heat exchangers, air filtration, cushioning and flexible all-metal 
leads. 


COMBINED RF 
SHIELD & SEAL 


KnitMesh is a knitted mesh produced from almost any 
material obtainable in filament form. The illustration shows one 
of its latest applications in the electronic field as a combined 
RF shield and seal with a core of neoprene, silicone rubber, 
mesh or any other suitable material. 


The unique properties of KnitMesh—asymmetrical linked 
loop structure, wide choice of metals and apertures available 
and its flexibility—make it particularly suitable for electronic 
applications; please write if you would like more information 
on KnitMesh electronic products. 


KNITMEsH LIMITED, 

36 VicTORIA STREET, 
Lonpbon, S.W.1. 

Tel Abbey 2684 & 1757 


7 SEE, 
MY 
(vv nit Mesh 


eeseneio” LTD. 


al 








P.O. TYPE 3000 


THE MOST VERSATILE RELAY 
AVAILABLE TODAY! 


@ Built to specifi- 
cation. 

@ Contacts 300mA 
to 8 amps. 

@ Insulation up to 
5KV. 


@ Mechanical latches 
fitted for positive 
holding, local or 
remote manual 
release. 

@ Quotations by 
return of post. 

@ Prototypes with- 
in 48 hours. 


KEYSWITCHES 


A REASONABLE RANGE 
KEPT IN STOCK 


Others delivered within a few days. 


UNISELECTORS 
Supplied to 
Specification 

TWO to TEN BANK 


Also stocks of relays as follows: 


Hign Speed, polarised, miniature 
sealea and open, A.C. for any 
voltage and P.O. type 600 to 
specification. 


pack Daves (- Rota yd ) Lid 


(DEPT JE 


TELE PRONE Mus 


TUDOR PLACE 
EUM 7960 


, LONOON, W.! 
LANGHAM 6862)! 
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meet the 
Ee ClC PL AANNETTE 


— it's only 2° deep a new blower 
for forced air cooling 


in confined spaces 


Here, for the first time, is a blower that makes efficient forced SAUUNACUEULULNEUEOGUEUEUOUUEOEUOUAOOOUOUOOOOOEUEAOEOEUOOAUOEDOUE OED ENED ECHO 
air cooling in confined spaces a practical proposition. In the 
new PLANNETTE the entire fan assembly is only 2” deep 


and this makes it ideal for projects such as computers, 


ifr: 


DESCRIPTION 


The new ‘Plannette’ fans are available in two 
sizes, 44” and 6” diameter. The casing is light 
alloy, die cast, and the impeller blades, which are 


electronic black boxes, mobile radios, or electronic instru- of a special aerofoil section, are moulded plastic. 


ments. The PLANNETTE can be mounted either inside or 


on top of the cabinet and thus it makes cooling possible 


The motors are a.c. and may be arranged either 
for 230V 1-ph. 50 cycles or 110V I-ph. 50 cycles. 
The nominal operating speed is 2,700 r.p.m. 
v Noise level is extremely low. 

where space is insufficient to fit a conventional blower. Its 


St 
STUUEVUGUUUDUADOADONDOODONDOOED UE UODAEDOOONE 


performance is quite exceptional. Writenow for detailed leaflet. VEVUNUEUULUANDUDUAOAEUOUOEEDAEOEUOUAOREOOOSEOUAUEEUOOEEEDAEEEO EAE AC UNTER: 


PLANNAIR PLANNAIR LIMITED 


Windfieid House + Leatherhead + Surrey 
Tel: Leatherhead 4091/3, 2231 
@ rias2 
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Fa eenecmemmema 
99 self-contained ranges for measuring 


A.C., 0.6. voltages, currents & resistance 








tHE JVEW sxirorp 
—} 3 i on 


MODEL SUPER K List price 19 gns. 
MODEL SUPER 50 List price £24 


The resistors, rectifier, transformer, movement, 
switches and automatic cut-out are mounted on a 
robust printed circuit board, enclosed in a strong 
attractive, two-tone dustproof melamine case. 


RANGES — Super K 

D.C. Volts —150mV to 1,500 V 
D.C. Amps —1.5mA to 15 A 
A.C. Volts —7.5 V to 1,500 V 
A.C. Amps —75mA to 15 A 


RANGES — Super 50 

D.C. Volts —250mV to 2,500 V 

D.C. Amps —50uA to 10A 

A.C. Volts —2.5 V to 2,500 V 

A.C. Amps —25mA to 10 A 
Send for leaflet No. S.K.50/6012/EE 


Resistance 

0— 1000 ohms 
0— 10,000 ohms 
0— 100,000 ohms 


Resistance 

0 — 2000 ohms 
0—200,000 ohms 
0—20 Megohms 


comnts, 


SALFORD ELECTRIGAL INSTRUMENTS LIMITED 


Peel Works, Silk Street, Salford 3, Lancs. 


Tel: BLAckfriars 6688. 


London Sales Office: MAGNET HOUSE, 
KINGSWAY, W.C.2. Tel: Temple Bar 4668. 


A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 
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For qualitied 


SCIENTISTS, ENGINEERS, 
ARCHITECTS 
AND SURVEYORS 


THE TECHNICAL 
AND 
SCIENTIFIC 
REGISTER 


provides a National Employment and Advisory Service. 
All enquiries are dealt with in confidence by 
professionally qualified staff. 

A leaflet, giving details of the Service, will 

be sent on request. 


Write for information or appointment to 


THE TECHNICAL AND SCIENTIFIC REGISTER, 
Dept. K.5, Almack House, 26 King Street, London, S.W.1. 
Telephone: WHI 6200 (Ext. 328) 

Issued by the Ministry of Labour 











LUCO “acts Wire Strippers 


Strips thermoplastic & rubber insulation without effort 


No damage to 
cable core or 


wire screen 


Shasic Se 


SOLDERING 


ERSA x APPLIANCES 


Minitype SOLDERING NEEDLES 
(10, 20, 30 W). 


SOLDERING NEEDLES (20, 30, 

40 W). SOLDERING BATHS 

WT Comprehensive Tool 
Range for the Electronic 


Industry, especially bn Joint Pliers and 
Cutters, including Tip-cutting Pliers, 
Printed Circuit Crimping and Cutting 
Pliers, Wire Strippers, Inner Core 
Ejectors, Torque Wrenches, Piercing 
Punches. 


Apply for Catalogues EE 


WELWYN TOOL 


CO. LTD. Stonehills House 
Welwyn Garden City * Herts. 


Phone: Welwyn Garden 5403-4 
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oD 


PARIS FROM MAY STH TO MAY 17TH 1961 


MESUCORA 


INTERNATIONAL EXHIBITION 
MEASUREMENT - CONTROL - REGULATION - AUTOMATION 
AND 58TH EXHIBITION OF THE 
“SOCIETE FRANCAISE DE PHYSIQUE” 


— First French Exhibition exclusively devoted to these techniques, the most impor- 
tant and the most international one realized in Europe. 

— International .Congress, the subject of which will be “Recent progress in the 
fields: of Measurement, Control and automatic Regulation, resulting from the co- 
operation of the Techniques (electric, electronic, mechanical)”. 

— 700 Exhibitors - 14 nations - 35.000 square meters. 

— The most recent discoveries and appliances of the theoretic and experimental 
research. 

— Most refined measurement and control equipments, materials and methods ; their 
applications to regulation and automation in the fields of the industry and of the 
public services. 

— An unprecedented gathering, an international confrontation of the highest techni- 
cal value which 

ALL the responsible persons in industry and the public services 

ALL engineers and research workers 

ALL teachers and students of the technical and scientific Upper Teaching 


MUST VISIT 


centre nationaides industries etdestechniques 


Call on : MESUCORA - Service Propagande - 40, rue du Colisée - Paris 8° - 
Tél. BALZAC 77-50 

FRANCE for the complete documentation, stating if you want it in French, German 
or English. 
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WHY PICK ON US? 


« « « @ question with many answers) 


FOR SKILLED CAPACITY AT LOW COST 


Because our business is wholly and solely sub-contracting—we make 
no products of our own—we can supply highly skilled production 
capacity as and when required at surprisingly low cost. 

If you, like the famous firms listed here, have need of extra capacity 
for electronics wiring and assembly, you should contact Leslie D. 


Izzard, Broxlea Planning Director. He will explain how economically 


teams of highly skilled operators can undertake your work in our 


factory, supervised if you wish by your own Engineering and Inspec- 
. » | e 7 « : S | 
tion staff. And he can give you plenty of evidence prove that 


Broxlea always meet their delivery dates. 


BROXLEA SERVICE 


ELECTRONIC MANUFACTURE, ASSEMBLY, WIRING, ETC. 


View of the Broxlea Works— 14,500 sq. ft. of ultra modern factory 


space, 15 miles from central Londen on the A1l0 road to Cambridge. 


BROXLEA PRODUCTS LIMITED (A.1.D. approved) BROXBOURNE, HERTS 


ELECTRONIC ENGINEERING 


Trusted by the people 
you trust 


Below are some famous names 
—firms who entrust work to 
Broxlea, and who have kindly 
permitted their names to appear: 


Associated Electrical 

Industries Ltd. 

Bell Punch Co. Ltd. 

Bristol Aircraft Ltd. 

E. K. Cole Ltd. 

Cossor Radar & Electronics Ltd 
Dewhurst & Partner Ltd. 

Elliott Bros. (London) Ltd. 
E.M.I. Electronics Ltd. 


Enfield-Standard Power 
Cables Ltd. 


English Electric Aviation Ltd. 
Evershed & Vignoles Ltd. 
General Electric Co. Ltd. 


General Precision 
Systems Ltd.—Air 
Trainers Link Division 


Ilford Ltd. 


International Computers and 
Tabulators Ltd 


Marconi’s Wireless 
Telegraph Co. Ltd 


Microcell Ltd. 


The National Cash Register 
Co. Ltd. 


Pye Ltd 
A. V. Roe & Co. Ltd 


Standard Telephones & 
Cables Ltd. 


Telephone Manufacturing 
Co. Ltd. 


Texas Instruments Limited 


Tube Investments (Group 
Services) Ltd. 


Witton-James Ltd. 


you will be in good 
company if you, too, 
trust Broxlea. 


Hoddesdon 4455 
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KENT ALLOYS LIMITED 

Manufacturers of precision cast wave guide components for 
AERONAUTICAL AND MARINE NAVIGATION AND APPROACH EQUIPMENT. 
Castings of exceptionally fine surface finish and close dimensional 
tolerances are produced by our plaster processes in 

ALUMINIUM, MAGNESIUM AND CERTAIN COPPER-BASED ALLOYS. 








PRECISION CAST 


WAVE GUIDE COMPONENTS for 
RADAR AND COMMUNICATIONS 





Comprehensive machine shop facilities, allied with our foundries, 
enable us to supply fully machined and assembled units to your 
order. Our representatives and technicians would be pleased 

to discuss your casting requirements. 


Member of the 


KENT ALLOYS LIMITED Sd 
i 


ROCHESTER, KENT Telephone: Strood 7674 
© p . Birtiela Group 
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If you FECOG emmmmmmmen amen 
a small METAL PRESSING 


for your product, why not consult us ? 
7 aa & 
We specialise in light precision 
presswork in all metals for the 
Electrical Trades 





QUOTATIONS BY RETURN 


BIRMINGHAM SPECIALITIES LTD. 


MOOR LANE, WITTON, BIRMINGHAM, 6 
Phone: BIR 5026 




















designed for 


PRECISION | 
PRESSINGS| 


Accurate 


Type AS.7012*, Solent series Audio Output Trans- 
former, has been designed especially for the Mullard 
5 Valve 10 Watt High Quality Amplifier, and is capable 
of the highest quality reproduction. The static fre- 
quency response (without feedback) is within 0.5 db. 
from 20~ to 25,000~, and there is appreciable response 
at 50kc/s. and above. Primary tappings for feedback 
are provided at 43% and 20% of the windings, and the 

dary indings are table for 3.75Q and 15Q, 
with identical characteristics on both outputs. A response 
curve, panel layout and loudspeak jon chart 
are included with each transformer. Priced at 49/3, it 
can be obtained through your local radio dealer, or direct 
from us, post free. 








* This is one of twenty-two Audio Transformers in the 
Solent and Miniford series described in Gardners new 
leaflet “S/M", especially prepared for retailers and private 
users, which includes over a hundred standard Mains 


#8 ee ee 3 
Transformers and Chokes. We shall be) pleased to post nat i Ee 
jonny oon eu JOUR & LED. 
209 SPON LANE WEST BROMWICH STAFFS. 


Below ts reproduced the Response Curve - TELEPHONE WES 2516 
of the AS.1012 which is typical of the MITRE MILLS RICHARD STREET BIRMINGHAM7 


whole of the Solent Series. TELEPHONE ASTon Cross 2218 (4lines) 
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LURIMAR ELECTRO MAGNETIC CLUTCH BRAKE UNITS 


gan A compact high power coupling . . . 
7] ill of low weight. Transmits high torque 





maa atii) LULU with low current consumption. Can be 
uc” iia iia iain aaah tlaistains remotely controlled and is self-adjusting. 
Enables designers to develop new ideas 
for power transmission, resulting in 
more compact gearboxes for machine 
tools and more sensitive control of all 
purpose power drives. 

Static Field Clutches and Brakes for 
Instrumentation. Spring-loaded, Electro- 
magnetically Released Disc Brakes. 
Electro-magnetically Controlled Gear- 


GARDNERS RADIO LTD epg ee 


CHRISTCHURCH, HANTS. Tel.: Christchurch 1734 | WRIGHT & MARVIN LTD. 
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Miniature 
POTENTIOMETERS 


available in a wide range of resistance values and jaws 
with or without internal switches 





TYPICAL SPECIFICATION 


Track maximum working voltage . he > on 200v DC 
Switch maximum working voltage Be ay a 50v AC or DC 
Overall power handling of track : : e 10 mW 
Insulation resistance: 
Type VC 1041 Between switch and potentiometer .. is a 100 MQ at 100v DC 
(switch *‘on”) 
Between switch contacts nit : ve ee 10 MQ at 100v DC 
(switch “‘off”’) 
Initial resistance as st ba ks ; oi 0.1%, typical figure given for a 
Final resistance - ‘ wh ‘ne ; Aa 5% } 200 KQ control 
— DC contact resistance = aa : wd Not greater than 8 mQ 
witch contact rating . . ew 5 ae - i3 150 mA at 50v 
wee VS vee Noise level a Ne oa Pa aus “2 i Not greater than 270 microvolts at 
. 1 microamp DC. Typical figures 
for 200 KQ track 
Turning torque over track .. es ot pd a 0.25 to 1.5 oz.ins., 18 to 108 g.cms 
Turning torque for switch operation hn ca oi At least 0.5 0z.ins., 36 g.cms. greater 
(“on”’ or “off”) than track torque, 0.75 to 5 oz.ins. 
54 to 360 g.cms. 
Total angle of rotation kd = ea ae 283 
End stop torque is in a ; es a 1.25 Ib.ins., 1440 g.cms. 
Type VC 1545 ieee a oa Sn 


| ARDENTE | full technical data on request 


ARDENTE ACOUSTIC LABORATORIES LTD 
8-12 Minerva Road - North Acton >» NW 10 





Phone ElGar 5925 





ali 
SOLDERING 
THAT'S 
CERTAIN... 


Trade Mark 


% Wide range available Best electric soldering irons in the business — 
first choice with Industry for over 

% Bright Mild Steel 25 years. Full range available. 25 watt 

model illustrated. For leaflet write: 

% Self Colour or Electro Plated 


% Catalogue on request | CABLE DIVISION 


We invite your enquiries: 
Associated Electrical industries Limited 
SURREY STEEL COMPONENTS LIMITED Distribution Equipment Sales Department, 


145 Charing Cross Read, London, W.C.2. 
Church Road, Barnes, London S.W.13 Riverside €673/5 Tel: GERrard 9797 


EE 31 204 for further details EE 31 205 for further details 





MARCH 196i ELECTRONIC ENGINEERING 





BE 31 206 for further details 


eacypiilaleg ™ 
Delay & 

# Pulse forming 
\ Networks 


Also small —,, 
Coil Winding. 


AR 
VW, 


Full information from:— 


ATKINS ROBERTS 


tndustrial 3 yr 


pa ee gy IN EPOXY RESINS PRODUCES A ROBUST UNIT WITH A 
TISFACTORY TEMPERATURE CO-EFFICIENT AND HIGH RESISTANCE TO 
DETERIORATION UNDER TROPICAL CONDITIONS. 
COMPACT DESIGN MAKES A NETWORK OF 10 » sec. IN A BLOCK 
3}” « 1" & 14” (AS ILLUSTRATED) POSSIBLE. 
DELAY VALUES UP TO 10 » sec. WITH IMPEDENCES from 70 © to 10K © 
and WITH TAPPING IF REQUIRED. 
REASONABLY PRICED. 
DELIVERY OF SMALL QUANTITIES IN THREE WEEKS. 


ON & WHITEFORD LIMITED 


Glasgow Telephone GIFFNOCK 1031 


SPECIALISTS IN TRANSFORMERS AND COIL WINDING. 

















Round, Square ri, R { 


ELCOM 


MINIATURE 
MULTI-WAY PLUGS 
AND SOCKETS 


Patent No. ents and Patents aon range of connectors from 2 to 
pendin 


way, proven in use 
electronic industries of the world. 











INSTANT 


SUPPLY an 


including the ‘880’ “ Stability communications 
my receiver, 500 kc/s to 30.5 Mc/s in thirty bands 








The easiest and quickest was of 
punching holes in SHEET AL. 


UST OF SIZES AND 
PRICES ON APPLICATION 








oie. 4 
GRID DIP OSCILLATOR 
An ideal instrument for the deter- | 
mination of tuned circuit resonant 
frequency, tuning transmitters | 
without application of power, for 
the determination of coil mutual | 
and stray inductances and both | 
fixed and stray capacitances. Covers 
1.5 to 300 Mc/s in eight ranges. — 
Built in mains pack. ? 
PRICE 15 Gas. Complete. 


available 
| @n request 





| | * 
| RERRY 
| thustrated 

CATALOGUE | 


25 HIGH HOLBORN, LONDON, W.C.! 
Tel.: HOLborn 6231/2 


WeE6BB’S RADIO 


14 Soho Street, London, Telephone: Gerrard 2089 
Shop Hours: 9 to 5.30 (7 p.m. N Toureduneh and 9 to | Saturdays. 


of EDDYSTONE apparatus 
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PHIL-TROL 
SOLENOIDS 


Solenoids are normally 45, 35, 36 and 37 


of order NOW 


PHILLIPS CONTROL (G.B.) LTD. 


Dept. G7, Farnborough, HANTS. 
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New 6 Page Leaflet (No. 
108a) now available. Covers 
small and medium solid core 


types including new types 


despatched same day as receipt | SEND FOR YOUR COPY 


Tel: Farnborough 1128 
EE 31 209 for further details 
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MINIATURE STABILISED 


POWER UNIT 


TECHNICAL SPECIFICATION 


Mains Input : 200-250v AC 

Outputs : Two 4-pin sockets 

Output DC Current : 0-100 mA shared between sockets 
Output DC Voltages : 150v 200v 250 

Regulation : 015% 0-025% 0-025%, 

Voltage stabilization Ratio : 0-1/5 0-075/5- 0-075/5 

Ripple : Less than 0-4mv RMS on full load 
AC Output : 63V, 2A at each socket 

Size + SE XSE XS PAMPHLET No. 1241b ON REQUEST 
Weight : Approximately 9} Ibs 

Delivery : Early delivery can be given 


Other voltages within the range 150-250v can be supplied to order. 


By means of simple links, one unit can provide any one of three output voltages. 


BARR & STROUD LTD. cerca Nionir owe, Pat rat tnt, 5. 


























PRECISION COLD CATHODE TUBES 


MINIATURE TRIGGER AND RELAY TUBES — : BRASS PLUGS 
with Pure Molybdenum Cathodes A 
2 ER.2A ~ at 


ER. a a 
oe fie alv AND SOCKETS 
Anode Supply Voltage - 280V 220V A.C. P 
6-40mA 


Anode Current - 15-40mA 
Anode Sustaining Voltage - 106-115V 
Starter Breakdown Voltage 125-140V 
Starter Current 10°*-200.A 


Working Life - - - over 25,000 hours “A Ne } 

Data Sheets and Circuits supplied on req 
Distributing BRITEC LIMITED 
17 CHARING CROSS ROAD, LONDON, WC2 WHI. 3070 48 x 21 mm SMART & BROWN (M T ) LTD 


EE 31 211 for further details 

SEE enh and HAVE R.C.S.C. 
A.C. SOLENOID TYPE SCM. APPROVAL TO SUPPLY 
; BRASS M4 PLUGS 
Continuous 3 ozs. at 4 AND SOCKETS. 


Instantaneous to 2 Ibs. 


Larger sizes available. For details of M4 BRASS, ALUMINIUM 
; ‘i ‘nar COAXIAL AND DEUTSCH 
TT ae CONNECTORS write to— 


9/10ths full size 25 MANCHESTER SQ, LONDON W.! 


R. A. WEBBER LTD. or TELEPHONE WELBECK 7941 


18 FOREST ROAD, KINGSWOOD, BRISTOL. PHONE : 67-4065 iomaane 


















































ren er re 
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SENSATIONAL 
TOOLING DEPARTURE 
PRODUCES BLANKS 
AT “KNOCK-OUT’’ PRICES... 


"G ROS LAN D OF COURSE 


Low cost t 


Take a page 
every time | Any material 


Desig 
Products from Page Engineering 

Co. are designed and perfected by 
specialists for specialised use .. . 
where reliability is of paramount 
importance. The Page range of 
precision-built apparatus includes 
calling systems, display indicators, 
pyrometers, relays, remote indica- 
tion and control devices and 
switches of the most advanced 
types. For a copy of our latest 
catalogue, just write your name on 
your company letterheading and 
send to: Crosland ‘new ¢ 


90% of tool cost, 
bs CF ENGINEERING CO. (Sunbury-on-Thames) LTD. 


Page Works, Forge Lane, Green Street 




















Sunbury-on-Thames, Middx. 








Telephone: Sunbury-on-Thames 4242 (3 lines) 


BREDBURY, Nr. STOCKPORT, CHESHIRE 
Tel: Woodley 2621 (3 lines) 


Re ape LONDON OFFICE & SHOWROOMS: 326/8 KINGSLAND RD., E.8 
Tel: Clissold 6701/2 
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THERMAL CONVERTERS 


—call them what you will, 
these tiny tubes are in fact thermo- 
couples in Vacuo obtaining their 
energy from a heater. A thermo-couple 
is a junction between two dissimilar 
metals which, when heated, cause a 
DC voltage to flow in the couple circuit. 
By connecting the thermal converter 
to a suitable DC moving-coil meter, 
measurements can be taken in 
RMS values of current and 
voitage, either AC or DC 
or superimposed DC. 


We manufacture a wide range of Vacuo-junctions 
available as insulated or contact types and will 

be pleased to quote for your individual requirements. 
For our descriptive leaflet, write to:— 


DEPARTMENT VJ3 
BEST PRODUCTS LIMITED 
FELIXSTOWE - SUFFOLK 








SPECIALIST MANUFACTURERS OF 
HIGHEST GRADE 


INSTRUMENT WIRES. 


COPPER AND RESISTANCE WIRES 
Trade Mark “MANGINSAX’’—GENUINE MANGANIN 
established 1895 
ENAMEL, SILK, RAYON COVERED 


P.V.C. POLYTHENE, P.V.C. MICROPHONE 
“INSUGLASS" THERMOCOUPLES, etc. 


THE SAXONIA ELECTRICAL WIRE CO. LTD. 
Contractors to the Admiralty, War Office, Air Ministry 


ROAN WORKS, GREENWICH S.E.10 


Grams: ““SAXONIST LONDON” Phones: GREenwich 3713/4 
“GREENWICH CABLES & FLEXIBLES” 
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J d EST. 
Wilkinsons 
FOR M E T E R S GUARANTEED 


NEW RANGE OF METERS 
24” Moving Coil Flush Round 
0/1 amp; 0/3 amp; 0/5 amp; 0/10 amp; 0/20 
Volts; 0/30 Volts; 0/40 Volts; all at 35/- each. 
2” Moving Coil Flush Round 
0/| Milliamp; 0/S Milliamp; 0/10 Milliamp; 
0/20 Volts; 0/30 Volts; 0/40 Volts; all at 27/6 each. 


2° Moving Coil Fiush Square 
0/3 Ampere; 0/5 Ampere; both at 27/6 each. 


RELAYS 


Post Office Type 3000 
Made to your specification. 
Contacts up to 8 C.O. 














Prompt Delivery 
MINIATURE RELAYS IN STOCK 


Siemens High Speed Sealed and S.T.C. & G.E.C. Sealed. 
RACKS—POST OFFICE STANDARD. 6 fc. high with U-channel 
sides drilled for 19 in. panels, heavy angle base, 4 ft. 10 in. also in stock. 


| RESISTORS EX STOCK, IN QUANTITY WIRE WOUND, HIGH | 





STABILITY CARBON ETC., BEST MAKES AT LOWEST PRICES 


nN P. CAPACITOR MOTORS, 230/240v, 50 cycies,!, 420 r.p.m., 
in. or in. shaft). €5 10s., carriage 10/- 

Leb UM PUMP & COMPRESS a, Edwards Type IV, ¢ in. shafe, 
complete with ey couplings, oil, filter and union. £6 16s. op POSE 3/6. 
on TER, 0-3 amp fo Turner Model 32, MC/FR, 6 in. dial, 90/-. 

ATTERY CHARGERS. Westinghouse BC.14 6/40. Input 200/250 
—~ A.C., will charge 6 pot at 40 amps. Brand New. Complete with 
0/50 ammeter. Fine and coarse control giving 32 switch positions. 
Fused A.C. and D.C. Latest type. £50. 


L. WILKINSON (CROYDON) LTD. 
19 LANSDOWNE RD. CROYDON SURREY 


| cones) Me 





Phone: CRO 0839 a 





PLASTIC 
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ELGAR PRECISION RESISTORS 


1 Light 


weight : Humidity Class HI 
Tolerances 1% to 0.05% 


ELGAR LABORATORIES 
(ELGAR TRADING LIMITED) = Established 1946 
23 Salisbury Grove - Mytchett - Aldershot - England 
Phone: Farnborough (Hants) 2242 Cables: Elgatrad, Aldershot 
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ASHBURTON 
PRECISION 
WIREWOUND 
RESISTORS 


ER ~- RANGE 

These units are encapsulated with conventional resin 
which protects the wire during assembly operations. 
Working temperature range 0°C—100°C. 

Range: 0.1Q—10MQ Rating: }{W—2W. 

P RANGE — NYLON EMBEDDED 


Nylon improves physical mechanical and electrical 
‘icra giving maximum possible seal against 
rer ~~:f over a temperature range of —50°C to 


20°C. 
Stade 10Qto1.6MQ = Rating: ¢W and #W. 
All units graded by colour in five standard tolerances 


0.05%—1%. 
DELIVERY: Two to three weeks from receipt of 


order. 
For full technical details write or phone :— 


ASHBURTON RESISTANCE CO. LTD. 
72 Brewery Road, LONDON, N.7_ Tel.: NOR 1168 


ASHBURTON 


PRECISION RESISTORS 
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meters made to measure 





This seven-range meter, using Ernest 
Turner Model 605 was calibrated 
with special ranges by Anders 
at ert notice for Elliott Brothers 
‘or the special-purpose test gear 
eta right. All the meters in this 
complex installation were supplied by 
Anders, who have the pleasure of 
carrying out similar work for a 
number of famous manufacturers. 
Anders are indebted to Elliott 
Brothers for kind permission to 
sllustrate this equipment. 


seven-range meter, 
including V, mV, PA, made 


for Elliott's at short notice 


The Anders Instrument Centre commands the largest stocks 
of meters in the country, unique calibrating facilities, and 
detailed knowledge of metering problems. Most standard 
meters are supplied immediately. Non-standard meters of all 
kinds, shapes and sizes, for special voltage and current ranges, 
are accurately calibrated, tested and normally ready within 
10-14 days. Makes include Avo, Crompton Parkinson, EAC, 
Elliott, Pullin, Taylor, Turner, Weir, Weston, White. Types 
include moving coil, moving iron, thermocouples, electrostatic, 
dynamometers, from 14” to large switchboard instruments, 
and complete range of accessories. Please write or phone for 
details of the Anders meter service. 


aS 


ELECTRONICS LIMITED 
103 Hampstead Road, London NW1. Tel: EUSton 1639 


Contractors to GPO and Government Departments. 

Ministry of Aviation approved. 

METERS, ELECTRONIC AND TEST EQUIPMENT 
TO INDIVIDUAL SPECIFICATIONS 
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WOW THERE ARE EIGHT 


a ERCO 10% CURRENT RATINGS 
TOROIDAL RHEOSTATS 


So popular has the original range of five 

Berco rheostats become that three new 
models have been introduced. Like all 
Bercostats they have five important 
features :— 








L75 | L100 | L.iso | L225 | 1 
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HIGHEST MECHANICAL STRENGTH 


ERE 3+ 
a 


MAXIMUM ELECTRICAL PERFORMANCE 














ahece: 








MINIMUM SIZE IN RELATION TO 


POWER DISSIPATION Ask for list 613A, which gives 


full technical details and prices 
CAN BE USED IN TROPICAL from :— 


SITUATIONS WITHOUT MODIFICATION i. 2 e & THE BRITISH ELECTRIC 
, 3 ie RESISTANCE CO. LTD. 


Queensway, Ponders End, Middlesex. 
*Phone: Howard 2411 
*Grams: Vitrohm Enfield 





Pioneers of the toroidally wound 


BR1331-AH rheostats in England. 





German Radio 
Television and Phono 
Exhibition 


August 25 to September 3, 1961 
Exhibition ground at the West-Berlin radio tower 


information: 
German Tourist Information Bureau 61 Conduit Street, London W1 , 
EE 31 224 for further details 


SERVICES TO THE ELECTRONIC INDUSTRY | THE LEXOR “DIS-BOARD” 


For Power Extension and Expansion Everywhere 








Ultra - Subminiature 
Unit manufacture 
and assembly 


EX-STOCK 
DELIVERY 
Tool Design and 
Toolmaking - Press 
Tools - Plastic 
el and Plastic OVER 100 
bras STANDARD 
Prototype Develop- COMBINATIONS 


| & [. ment and manufac- Full Literature and Price List from: — 
ndustries Ltd wre LEXOR ELECTRONICS LIMITED 


ALLESLEY OLD ROAD 
LANCASTER ROAD - HIGH WYCOMBE - BUCKS Q,, 4125 COVENTRY 


coe 
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FoR BERYLLIUM COPPER PRESSINGS 
TO THE CLOSEST TOLERANCES 





CONSULT 


RANDAUER 


OF BIRMINGHAM 





TOLERANCES NOW + :00025”: 


By pioneering the use of beryllium copper and precious metals, Brandauer have achieved 
many manufacturing successes which can be of great value to you. 

Today we are among the largest most sought-after fabricators of beryllium copper 
pressings in Britain—thanks to a hundred years of heat treatment experience, specialised 
plant, and ten years of research. Being craftsmen, experts and indeed the outstanding 
specialists in beryllium copper, we work with extreme precision in miniature and sub- 
miniature presswork ; in certain circumstances, we regularly maintain an accuracy of plus 
or minus -00025 in. 

All components are made to customers’ own requirements. It is significant that several 
million Brandauer units are in daily use in the radio, television and aircraft industries, in 
radar installations, record players, switch gear, electronic computers and a wide range 
of other equipment. 


BRANDAUVER EARLY DELIVERIES OF FOUR SLIDE WORE: 


also ialises in precisi 
This is also helpful. So are our large stocks of material. They enable us to quote early 
sings manufactured from all deliveries for most pressings and competitive prices for all. Therefore —for time and 


ferrous and non-ferrous materials 
: nee, lity and price, choose Brandauer, Further inform: id gla 
including the cupro-nickel alloys. jo pan noo” 3 * o gehcoe ee eT 


C. BRANDAUER & CO. LTD. 401 NEW JOHN STREET WEST, BIRMINGHAM !19 


Telephone: ASTON CROSS 3818 











ANOTHER NEW INSTRUMENT by MARTINDALE 


The 


PHASE and "ft 
CONTINUITY tj, J A UNIQUE 


TNTPYCP Ne) ees Bf rrovnte tracine 


INSTRUMENT 
WITH THIS INSTRUMENT AN 
ELECTRICIAN CAN: 


1 Prove continuity of all phases. 
2 Ascertain faulty line if continuity is not proved. 


3 Identify the phase colour of worn or faded 
leads. 


4 Ascertain the sequence of phase rotation. 
5 Obtain correct phase balancing. 


6 Make correct connection of a motor where 
wrong rotation may cause serious damage to 


| 

machinery. SEE IT DEMONSTRATED | 

AT THE ELECTRICAL | 

Compact; only measures 34" x 24” x 2”; almost unbreakable; ENGINEERS’ EXHIBITION | 

no moving parts. STAND No. B. 1. | 

Write for illustrated leaflet to: eet ciisanienael 
MARTINDALE ELECTRIC COMPANY LIMITED, 110 Westmorland Road, London, N.W.9 - COLindale 8642 
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STRIP, SHEET, TAPE 


Plain and tinned; drawn, rolled, rolled and drawn, or rolled 


and sheared. Sheets up to 10 ft x 4 ft in any thickness over yin : THOMAS BOLTON , 
- & SONS LTD 
Head Office: Mersey Copper 
fe Works, Widnes, Lancashire. 
Annealed strip for generator and transformer windings, etc , with Tel.: Widnes 2022. 


thinner sizes 6 ft x 3 ft or 4ft x2 ft 


London Office & Export Sales | 
~ Department ; 

in the production, in suitable sizes, of long jointless lengths ~ = 168 Regent Street, W.1. 

: Tel.; REGent 6427. 


Square or rounded corners, or with rounded edges; Bolton’s specialize 


weighing up to 18 cwt Hard-drawn and semi-hard-drawn strip in coils 
ROM 4: 


or in straight lengths; supplied in special tempers, to close tolerances, BOLTON 


and on drums, when required. Foil down to 0.001 in. by 3 in. wide. oN, 
Ons * 








of wire-wound 
RESIN a Aosta 
IMPREGNATION 


under vacuum 


N.G.N. new ‘Resin-impregnating Plant’ not only ensures 
better and far more thorough impregnation of all types 
of wire coils—its faster cycle of operation, coupled with 
carefully designed thermostatic control of vessels and 
pipework, plus full bore resin transfer valve, all combine 
to speed output while reducing costs. 


Work chamber is evacuated to 1 micron Hg. to degas and 
dehydrate components which are then impregnated under 
a pressure of 80 lbs. p.s.i. 


Surplus impregnant is completely recovered. Absolute 
reliability, both as regards thoroughness of impregnation 
and regular output is assured. 


Enquiries for special plant to user requirements are 
especially welcome. 


N.G.N. ELECTRICAL LIMITED 


AVENUE PARADE, ACCRINGTON, LANCS Tel: Accrington 35611-2 
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DEPOSIT OF 3 MG/IN’ NOW 
OBTAINABLE WITH ‘ATOMEX’ 
IMMERSION GOLD SOLUTION 


A major advance in the technology of the deposition 
of gold has been made as the result of Engelhard 
research in the further development of the Atomex 
electroless gold deposition process. 

A dense deposit of pure gold up to 3 mg/in’* (previously 
0.7 mg/in*) may be obtained using a simple immersion 
procedure, yet adhesion of the gold deposit to the base 
metal is excellent. 


This process is finding increasing use in printed 


and more circuitry where copper foil printed circuits may be 
| —y . treated, as a result of which they will retain their 

peop e y 4 solderability for at least twelve months. 

are using 





Write for full information and new literature. 
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cable clips : 


ie dnt niin em emt wa ms em em ied 


Millions of Insuloid Cable Clips are supplied every year to industries 
all over the world . . . in fact, wherever there’s wiring to be secured 
—you'll find Insuloid Cable Clips. 


in nylon 


TYPE WX. a, 


% Moulded from the highest grade nylon 
of immense strength. % Light as a feather 
—j the weight of metal. % Resistant to 
practically all forms of corrosion. % Suit- 
able for use in extreme climatic conditions. 
* Eliminates “Cold Flow” with plastic 
cables. x%& Cable grip locking features. 
*% Available in 17 sizes from {" to 1 
inside diameter. 


_ } ;* F Photograph by courtesy of 
Oo r P V ( ‘ Messrs. Ferranti Limited, 
° o\/4e Wythenshawe 
TYPE X. Manufactured in highest grade 2 
P.V.C. in twenty-five different sizes from 


i’ inside diameter to 2 inside diameter to 
cover the smallest and largest wiring runs. 


TYPE CY. For dual cable runs in seven- 
teen sizes covering cable diameters 4 
up to +". In highest grade P.V.C. 





INSULOID MANUFACTURING CO., LIMITED IARD INDUSTRIES L720. 
Sharston Works, Leestone Road, (ENCELH, < y) 


Wythenshawe, Manchester. BAKER PLATINUM DIVISION 


Tel: Wythenshawe 2842 & 3163 52 HIGH HOLBORN, LONDON, W.C.1. CHAncery 8711 & 6506 
Come and see us on Stand Z11 at the A.S.E.E. Exhibition, Earls Court. 
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TEA Gee crystal units 
-really as tough as the name implies 


Developed to meet the demand for accurate frequency control in equipment 
for guided missiles, mobile communications and all applications where 
extreme conditions of acceleration and vibration are encountered. Quartz 
crystal units can now be supplied for all frequencies in the following ranges: 


Style D. Fundamental mode 1-15 Mc/s 
Third overtone 15-52 Mc/s 
Fifth overtone 52-90 Mc/s 
Style J. Fundamental mode 5-20 Mc/s 


Third overtone 15-52 Mc/s 
Fifth overtone 52-90 Mc/s 








and will operate within the specified activity and frequency limits when 
po mpeg to the bump and vibration tests stipulated by Defence Specification 
5271. 
For special applications, units in the frequency range 2 Mc/s to § Mc/s can 
be supplied to operate satisfactorily when applied vibration is swept from 
30 c/s to 2,000 c/s while the peak acceleration is maintained at 40 g. 
Write for Leaflet 





SALFORD ELECTRICAL INSTRUMENTS LTD 


TIMES MILL . HEYWOOD . LANCASHIRE Tel:HEYWOOD 68668 
London Sales Office: MAGNET HOUSE, KINGSWAY, W.C.2. Tel: Temple Bar 4668 
A Subsidiary of THE GENERAL ELECTRIC CO. LTD. OF ENGLAND 





PERMANENT 
MAGNETS 


AVAILABLE IN A WIDE 
RANGE OF MATERIALS 
FOR ALL INDUSTRIES 

DAaBRWINS LIMITED 


FITZWILLIAM WORKS SHEFFIELD 


DIITA TELEPHONE: SHEFFIELD 49049 TELEX No.: 54-215 
EE 31 234 for further details 
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THE PHILIPS 
GM 6014 H.F. 
MILLIVOLTMETER 


Suitable for measuring AC voltage from 
100nzV up to 30V in a frequency range 
from 1 kc/s to 30 Mc/s. 

The apparatus is extremely useful for 
measurements in the fields of radio, 
television and telecommunication. 


Manufactured by N.V. Philips, Eindhoven. 


Provision Technical Data Input impedance: 0.5 Megohm parallel 
Measuring range: 1 mV-300 mV f.s.d. By with 3 pF. with plug-on attenuator 6 Megohm 
means of a plug-on attenuator the measuring parallel with 1 pF. 

range can be extended 100 times. Maximum tolerable AC input voltage: 
Accuracy: Z 5%. 4 V, with plug-on attenuator 40 V. 


Frequency range: 1 kc/s-30 Mc/s. Mains: 110-245V. 40-100 c/s. 
SOLE DISTRIBUTORS IN THE U.K. : 


RESEARCH & CONTROL INSTRUMENTS LTD 


INSTRUMENT HOUSE, 207 KING’S CROSS ROAD, LONDON, W.C.I. TELEPHONE : TERMINUS 2877 
(RCLO4I $) 





Plan ahead with the 


* PIECE PART SYSTEM 


LINVAR SYSTEM OF i SCIENTIFIC COOLING 
CABINETS, RACKS, CASES, oe de COMPACT STORAGE 


CHASSIS, TROLLEYS, 
DESKS, SPECIALS, 


etc. 


% MODERN STYLING 


* EX. STOCK DELIVERY 


LINVAR 


Se oe oe ee 


BALFOUR ROAD, WEYBRIDGE, SURREY Telephone 6962 
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? 
ENPAR a 
Dngineering ie bf. 


- ELECTRONICS DIVISION 


os 


Complete Series 
“a ae. UNE” One" 
& “LC” R.F. Connectors 


a 
= 


MANUFACTURERS OF 
ie ELECTRONIC COMPONENTS 
D.G.1. & A.R.B. APPROVED AND ASSEMBLIES. 


STATION WORKS - HARLOW - ESSEX :- Telephone: -Harlow 2192 


ieee PS MIA aILE sensitive to one hundredth part of 
one thousandth of an inch..... 


The Fielden Proximity meter is an extremely versatile instrument, enabling 
observations to be made in research and industry which would otherwise be 
impractical. It can be used as a concentricity gauge, micrometer, vibration meter, 
dielectric comparator and for pressure measurement, etc. Small capacitance changes 
due to physical displacement or dielectric change can be detected with a high 
degree of sensitivity, indispensable in the field of micro-measurement. No 
laboratory or test department 

should be without one. 


measures ae FRE 


28 PAGE BOOKLET 
without 
Write today for this 


physical contact j ‘nformative booklet— 


“Capacitance Measure- 
ment in Research and 
Industry,” Publication 
225/EE, giving full appli- 
cation information and 
technical data. 


FIELDEN ELECTRONICS LTD.: WYTHENSHAWE, MANCHESTER. Phone: Wythenshawe 325! (4 lines) Grams: Humidity Manchester. indicating 

ALSO AUSTRALIA, ITALY AND CANADA. Branch Offices: LONDON, WALSALL, STOCKTON-ON-TEES, EDINBURGH (A. R. BOLTON & CO., LTD.) Recording 

Agents throughout the world. AND DUBLIN Control 
EE 31 238 for further details 
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A NE W MARTINDALE INSTRUMENT ! 


™* VOLTAGE 
INDICATOR 


THE SUBSTITUTE FOR TEST LAMPS 
TELLS YOU CONCLUSIVELY IF A CIRCUIT IS 
REALLY SAFE 


The Voltage Indicator fits comfortably into the hand; only measures 
34” x 24” x 2”; almost unbreakable; has no moving parts. Indication 
is by four neon tubes which light progressively as the voltage rises. 
The use of a number of tubes is an additional safety factor as at the Operates in the 
higher and more lethal voltages more than one lamp is illuminated. 96.600 volt range 
The instrument is fully fused and protected. 
Can be used to ascertain polarity. 


SEE IT DEMONSTRATED AT THE A.S.E.E. EXHIBITION ON STAND NO. B.1. 
Write for illustrated leaflet to: 
MARTINDALE ELECTRIC COMPANY LIMITED, 110 Westmoriand Road, London, N.W.9 ~- Tel. COLindale 8642 


CUT COSTS END DELAYS 


GEARS? |e 


Spurs, Spirals, Worms and 
Wormwheels, Chain Sprockets, 
Generated Gears, 12 to 100 DP, 
to finest tolerances. Servo drive 
mechanisms and complete 
assemblies. Specialists for 


nearly thirty years in precision 
instrument gears. For Ho FROM 5002 TO 

prototypes or quantities— 8 LIGHT plus 8 HEAVY 

DUTY SPRING SETS 

with a full set of acces- 

SEND TO CINETRA sories to enable you to 

quickly bread-board 

your relay circuitry. 

A.1L.D. APPROVED Back up your prototype 

work with fast delivery 

for both small and large production runs with the 
manufacturing facilities of Stevenage Relays. 


STEVENAGE RELAYS LTD. 


D.G.1. TYPE APPROVAL A MEMBER OF THE 
NOW GRANTED FOR OUR 
RANGE OF RELAYS 


Certificate Nos. WiGH VOLTAGE 1178, ineudlae eaadasees 
| 3 1179, LOW VOLTAGE 1287. 
|NETRA MANUFACTURING CO LTD 


at any frequency 
and on D.C. 

















PALS OL mee) GUNNELS WOOD ROAD - STEVENAGE - HERTS. 


: Telephone: Stevenage 981. Telex: 82159 Sanders, Stev. 
b UL liver 2355 & 4085 Ask for further details of our full range of Relays and Relay Kits 
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Precision Wire-Wound Resistors 


If you are a designer or engineer 
in computer circuitry, instru- 
mentation or any other field of 
electronics you will find this 
McMurdohm Resistor teclLrical 
catalogue invaluable. Send for 
your copy. 





THE McMURDO 
INSTRUMENT 
Co. LTD. 


ASHTEAD - SURREY - ENGLAND 
Telephone: ASHTEAD 3401 





with the 
the Exclusive 
cilia & origina 
ZENITH ariac continuously-adjustable Du ratrak 
li Reg. Pode Mork autotransformer say that tnt, en ale 
Reg. Trade Mark Contact Surface 





— 14 AND 15 of our Catalogue VAR.5 Any of these “‘Variacs’” may be ganged for 


show a large range for operation on three phase operation, giving voltage regulation 
frequencies between 50 and 2,600 cycles. down to zero volts. 
“Variacs” for ship and aircraft service are A number of models provide a useful over- 
covered by this selection, which also includes voltage feature which can be readily employed 
small, low voltage toroidal models designed to give a steady output at the maximum end 


for 50 cycles. from a varying supply. 


THE ZENITH ELECTRIC COMPANY LTD. 


ZENITH WORKS VILLIERS ROAD WILLESDEN GREEN LONDON N.W.2 
Telephone: WILiesden 6581-5 Telegrams: Voltaohm, Norphone, London 
MANUFACTURERS ©F ELECTRICAL EQUIPMENT INCLUDING RADIO AND TELEVISION COMPONENTS 


EE 31 243 for further details 
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be 

SELECTION 
FROM 

OUR WIDE 
RANGE OF 
TRANSFORMERS. 


Your enquiries 


will be welcomed. 


AYRES ROAD, OLD TRAFFORD, MANCHESTER, I6. 
Telephone: TRAfford 1827/8/9. 


CW. 7602 


The New AUMANN Winding Unit 


IMPROVED PERFORMANCE 


Stronger Motor - 10,000 rpm: subtractive or additive counter 








No Increase in Size or Price 
Early Delivery 


— also — 


FULLY AUTOMATIC WINDING MACHINES 


for most applications 
Feeding * Winding - Bonding - Taping - Ejection 
No Manual Labour - Consistent Mass Production 


All spares available from U.K. Stock 
Sales and Service 


R. H. COLE (OVERSEAS) LTD. 


Tel. ABBey 306! (10 lines) 
2 Caxton Street, London, S.W.|. sien. aan “a 
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High a oystems COSEEL) «roe * 


__ | § 7°o PRODUCTIONI 


| D. 
HIGH VACUUM ENGINEERS 
No. 3 FACTORY 
PERSHORE TRADING ESTATE 


PERSHORE, WORCS. 


HIGH VACUUM OVENS 
Ultimate Vacuum 10-5 Torr 
Temperatures up to 400°C. 
Stainless Steel Chamber 
Internal Heating 
Temperature Measurement 
and Control 

Fully valved and protected 
High Vacuum System 











TIMERS| 





ELECTRONIC PROCESS TIMERS 
FOR AUTOMATION 








DELAY 
RELAYS 


Resin 
impregnation 
Equipment 











EFFICIENT 
COMPACT 


+ Cabinet and ECONOMICAL 


Trolley Mounted 
High Vacuum 
4 «Systems 








RELAYS 


FOR 
INFORMATIVE @ 
SWITCHING 
AND POWER 
HANDLING 














Vacuum 
Evaporation 
Plant 











Full Servicing and Leak Testing Facilities eon ELECTRIC CO.Rim 
CHUA CH ST-WOLVERHAMOPTON 


‘SPEEDIVAC’ | Genel 4 | 
STOCKISTS FOR PHONE 22783 


VIA-VAC Kinney 
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EXTERNAL & INTERNAL 
MICROMETERS 


HEIGHT 
GAUGES 


STANDARD 

MICROMETER HEADS 

MODIFIED AS 

REQUIRED 
SPECIAL 
MICROMETER HEADS 
MADE TO ORDER 


Catalogue Available on Request 


SHARDLOW MICROMETERS LTD. 


P.O. BOX 62 
PETRE STREET, SHEFFIELD, 4 
AGENTS : 
W. J. BITHELL LTD 
SHARDLOW MICROMETERS LTD. 


JAMES M. WRAGG & CO. LTD. 
SHARDLOW MICROMETERS LTD. 


41, WHITEHALL, W.1 
19, WATERLOO ST., C2 
SUSSEX ST. 4 

202, LORDSWOOD RD., 
HARBORNE, 17 


LONDON 
GLASGOW 
SHEFFIELD 
BIRMINGHAM 
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KEEP MINIATURE COMPONENTS 
AND STOCK TIDY WITH 
SMALLBONE STORAGE CABINETS 








Sma!ibone Storage Cabinets 
combinations | are used by many leading 
of Smalibone Units | industrial concerns including ; 
to ensure thot there | M.O.S, 
is @ cabinet to | G.E.C. 
suit your needs exactly. | 1.C.1. 
Neot and practical | UNITED KINGDOM 
these steel, well made | ATOMIC ENERGY AUTHORITY 
cabinets ore the | ROLLS ROYCE LTD. 
money-saving onswer | ROYAL NAVY 
to minioture component | ENGLISH ELECTRIC LTD. 
storage. POST OFFICE 
Drawer sizes 6 in. long x 3 in. wide x 1} in. deep 
or— 6 in. long x 3 in. wide x 2} in. deep 
| All Models (A) & (B)—Trade Price £1000 
J All Models (C) —Trade Price £334 
(Delivery Ex. Stock) 
Write now for illustrated catalogue from: 
SOLE MANUFACTURERS AND PATENTEES 
SMALLBONE & SON SERVICE STATION LTD. 


116 RADDLEBARN ROAD, SELLY OAK, BIRMINGHAM 29 Telephone: SELly Oak 0080 


There ore fifteen 








ttt 
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JACKSON 


the big name in PRECISION components 


Precision built radio components 
are an important contribution to 
the radio and communications 
industry. 


Be sure of the best and buy 
Jackson Precision Built Components 


AM/FM Gang 
Condenser 
Type 5320 


A MRR 2 IMA ERIE 
JACKSON BROS. (Lonvon) LTD 


KINGSWAY-WADDON, SURREY 
Telephone: Croydon 2754-5 Telegrams: Walfico, Souphone, London. 


Cenadian Distributors: Messrs. R. Mock & Co. Ltd., 1485, South West Marine Drive, 
Vancouver, /4, B.C. Canada. 
American Distributors: Messrs. M. ee ee, 258, Broadway, New York 7, 
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| Out of print volumes of 
“Electronic Engineering” 


ARE TO BE REPRINTED IN FULL SIZE 
by 


Wm. DAWSON & SONS Ltd. 


The first volumes scheduled to be re- 

printed are volumes 13-26 covering the 

years 1940-1954. Further volumes are 
to be reprinted in due course. 


Price per volume £6-10-0 bound 


For further details write to :— 

Wm. DAWSON & SONS LTD. 
16 WEST STREET, FARNHAM, SURREY. 
indicating in which volumes you are particularly 


interested or fill in the reference given above on 
one of the Reader Information Service Cards. 
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3% Removable panels facilitate 
mounting of meters and their 
routine servicing and adjustment. 


% Choice of four alternative models. 


%& Choice of two panel angles. 


%& Usual Datum high standard of finish. 


In spite of these star features Datum “SL” 

desk type cases are economically priced due to 
efficient quantity production. 

The same zinc-coated mild steel sheet and other 
first-class materials normally associated with Datum 
products are used in these cases. 


Delivery is from stock. 


INSTRUMENT RACKS CABINETS « CASES 
UNITS 


CONSOLES PANELS -+- CHASSIS 





1961 


(T) 


DATUM METAL PRODUCTS LTD. : 


COLNE WAY TRADING ESTATE - WATFORD-BY-PASS 
Telephone: Watford 22351 Telegrams: Datum, Watford 
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OFFICIAL 


AVO 


REPAIR SERVICE 


All renairs guaranteed 12 months. 
QUICK SERVICE. Our Staff is fully trained by AVO 
LTD. Final tests and calibration carried out on AVO 
test equipment. Repairs sealed with the AVO seal—the 
mark of Perfection. 


FARNELL INSTRUMENTS LIMITED 
YORK ROAD WETHERBY Tel: Wetherby 2691/2 











TRANSISTOR 


AMPLIFIERS 


Designed and Manufactured 


to meet your 
special requirements 


Tel HOUnslow 3311 
95 STAINES ROAD, HOUNSLOW, MIDDX 
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VHF MOBILE AERIAL 
TO YOUR SPECIFICATION 


% Will fit standard aerial bases and supplied 
cut to your frequency requirements. 


% Panorama Aerials are used by Police Forces, 
Fire Brigades and Ambulances. 


% Flexible, yet robust, made of high tensile steel, 


copper or silver-plated. Plastic cover, corro- 
sion proof. 


Please write for details to:— 


PANORAMA 
RADIO COMPANY 


73 Wadham Road 
London SWIS5 

















“A complete library 
in two volumes...’ 


KEMPE’S vear-soox 


Edited under the direction of the Editor of “The Engineer” 


1961 Edition price 87/6 (plus postage 2/6) 
from technical booksellers or direct from the publishers 


Kempe’s Engineers Year-Book, 28 Essex Street, Strand, 
London, W.C.2 Telephone: CENtral 6565 
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A sample from our range of servo test gear. . . 


Very Low Frequency Generators 
SERVO CONSULTANTS LIMITED Stabilized AC Servo Power Supplies 
10 BOUVERIE PLACE . LONDON . 


Paddington 2811 


w.2 Control Systems Teaching Aids 


AUTOMATIC NYQUIST DIAGRAM 
PLOTTER TYPE 101 


This versatile instrument features within a single 
cabinet: 


Direct indication of phase angle 

Direct indication of amplitude 

Completely automatic printing of Nyquist diagram 
Manual or automatic frequency setting 

Modulated carrier or DC output 

Carrier frequency range 50 c/s-3KC 

Independent AC or DC input 

Mechanical output 

Instantaneous Start-Stop facility 


% We also manufacture 


Transfer Function Analysers 


Instrument Servo Gearboxes 
Electronic Limit Switches 
Industrial Control Gear 
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STABILIZED POWER UNITS for bench or rack mounting 


A.31 Mk. II 


OUTPUTS :— 0-250V., SOmA. in one sweep 
(Ripple < 1-OmV. r.m.s., impedance <3.0 N) 
150V negative bias at 1.0mA. 
6.3V—2 amp. A.C. 





HERE ARE TWO ist GRADE POWER UNITS SUITABLE FOR A VARIETY OF 
APPLICATIONS IN LABORATORIES, TELEVISION AND BROADCASTING 
EQUIPMENT, COMPUTORS AND COMMUNICATIONS EQUIPMENT. THEY 
ARE PRECISION BUILT AND CONSERVATIVELY RATED FOR YEARS OF 
TROUBLE-FREE SERVICE. 





A.352 


OUTPUTS:— 0-500 V at 250 mA in three ranges 
(Ripple <1.0mV r.m.s., impedance < 0.5 2.) 
250V negative at 0-SOmA 
(Ripple <1.0mV r.m.s impedance <0.5 10) 
0-250V negative bias at 1.0mA 
6.3V—at 4 amp. A.C. 
6.3V—at 2 amp. A.C. 


AVAILABLE DELIVERY: EX STOCK 


BPA Electronics Write for information leaflets to :— 
: BOULTON PAUL AIRCRAFT LIMITED - WOLVERHAMPTON - ENGLAND 





! 
XS2 Dry Reed Relay Insert 


A gold-plated relay contact her- 
metically sealed in inert gas for 
absolute reliability, high speed and 
low contact bounce. 





Maximum current . 25:0mA 
Maximum resistive load 15 W 

Maximum closed resistance 50 ma 
Minimum open resistance 5x10" 











Nominal operate ampere turns 120 AT , ; 
Nominal release ampere turns 60 AT Our Technical Service Department 
Operate time less than 2mS is ready to provide further details 


Bounce time less than 0.5mS of characteristics or application. 
Release time less than 0.5mS 


HIVAC LIMITED 


A member of the Automatic Telephone & Electric Group 


STONEFIELD WAY - SOUTH RUISLIP - MIDDX - Telephone: ViKing 1288 





ORR 
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CLASSIFIED ADVERTISEMENTS 


Run-on Classified—The charge for these advertisements is 7d. per word. Minimum charge, 14s. Box number, 
2s. extra, except in the case of advertisements for ‘‘Situations Wanted"’, when it is free. 


Specially Spaced Classified—50s, Od. per single column inch. 


Copy, with remittance, for the above advertisements, must be received before the 14th of the month for insertion 


in the following issue. 


Display Classified—Full Page, £75 (based on specially spaced classified rates). 


Half Pages, Quarter Pages and 


Eighth Pages pro rate. Copy dates: With proofs, 5th of preceding month. Without proofs, |Oth of preceding month. 


Biocks must be mounted. 


Advertisements for publication should be addressed to: 
Classified Advertisement Dept., ‘Electronic Engineering”’, 28, Essex Street, Strand, London, W.C.2. 





OFFICIAL APPOINTMENTS 


BRADFORD INSTITUTE OF TECH- 
NOLOGY, Department of Electrical Engineering. 
Applications are invited for the following posts in 
this rapidly expanding department which offers 
exceptional opportunities for teaching, consulting 
and research work: Senior Lecturer in Electrical 
pow ed scale, £1,550 to £1,750; 
Lecturi in Electrical Engineering—salary scale, 
£1, 370" to £1,550. Candidates should be suitably 
qualified to teach to final degree standard in electrical 
power and machines or electronics and telecom- 
munications. Industrial and research experience will 
be a recommendation. The successful candidates 
will be encouraged to develop industrial contacts and 
undertake research for which adequate facilities will 
be available. Previous industrial and research 
experience at a suitable level will be taken into 
account in fixing the commencing salary. Further 
particulars and forms of application may be obtained 
from the Registrar (Department L), Bradford 
Institute of Technology, Bradford, 7. Henry ares. 
Clerk to the Governors. W 5089 


CENTRAL ELECTRICITY GENERATING 
BOARD, Berkeley Nuclear Laboratories. 
Laboratory Technician required in the Health 
Physics Group of the Berkeley Nuclear Laboratories 
situated midway between Bristol and Gloucester. 
The successful applicant will be concerned with 
maintenance and calibration of equipment used for 
radiation measurements, and will also assist generally 
in the Health Physics work of the Laboratories. 
Candidates should preferably have the O.N.C. or 
equivalent qualification in Applied Physics or 
Electronic Engineering. Salary within the range 
£650-£940 per annum. Applications, stating age, 
qualifications, eaperience, present position and 
salary, to the Appointments Officer, 24-30 Holborn, 
London, E.C.1, as soon as possible. Envelopes 
should be marked “Confidential, Ref. EE/78”. 

W 5093 


MIDDLESEX COUNTY COUNCIL Educa- 
tion Committee, Teaching Staff in Technical Colleges. 
Applications are invited from those interested and 
qualified to join a panel of relief staff for work in the 
Middlesex Technical Colleges. Duties may be either 
full-time or part-time. Application forms and further 
particulars may be obtained from the undersigned 
(Reference F.3), 10 Great George Street, London, 
$.W.1. C. E. Gurr, M.Sc., Ph.D., Chief Education 
Officer. W 5076 


MINISTRY OF AVIATION, Farnborough 
requires Technician for the preparation of technical 
publications fcr the Services. Qualifications: Recog- 
nized engineering apprenticeship or equivalent train- 
ing. O.N.C., C. & G. Final Certificates or equivalent. 
Sound knowledge of electronics is essential. Previous 
experience of writing or editing technical publications 
an advantage. Salary, £961-£1,098. Good prospects 
for promotion and pensions. Technical College 
courses sponsored for suitable candidates. Applica- 
tion forms from Mana (PE.2920), Ministry of 
Labour, Professional & Executive Register, Atlantic 
House, Farringdon Street, London, E.C.4. W 5084 
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CENTRAL ELECTRICITY GENERATING 
BOARD. Laboratory Technicians required in the 
High Voltage Division at the Research Laboratories, 
Leatherhead, Surrey. The work covered by this 
Division, which is shortly to be housed in a new 
High Voltage Laboratory, includes research on high 
voltage tr ission and fund 1 studies of 
insulation, etc., and technicians are required to con- 
struct apparatus and test rigs, and in some cases 
prototype measuring or test instruments. A certain 
amount of electronic work is involved. Applicants 
should have served a recognized period of training 
and have considerable practical experience and 
ability, preferably in laboratory or development 
work. They should be able to work with the minimum 
of supervision and, after discussing problems with 
scientific staff, to give practical interpretation to their 
needs by constructing equipment meeting the various 
requirements. Possession of an O.N.C. or equivalent 
qualification in electrical engineering would be an 
advantage. The appointments, which are permanent 
and pensionable, carry staff status and are based on 
a 38-hour 5-day week, with annual leave rising to a 
maximum of 4 weeks. Salaries within the range 
£650-£940 p.a. Applications, stating age, qualifica- 
tions, experience, present position and salarv, to the 
Appointments Officer, 24-30, Holborn, London, 
E.C.1, as soon as possible. Envelopes —_ be 
marked “Confidential Ref. EE/44”. $07 





L.cC.c. SOUTH EAST LONDON TECHNI- 
CAL COLLEGE, Lewisham Way, S.E.4. 
Department of Electrical Engineering. Applications 
are invited for Lecturers and Assistant Lecturers 
(Grade B) in Telecommunications and/or Light 
Current Electrical Engineering. Candidates should 
be well qualified, have industrial experience and 
preferably some teaching experience. The Depart- 
ment offers Full-time, Sandwich, Part-time Day and 
Evening Courses. The successful candidate should 
be able to teach up to Part III, I.E.E., and/or C. & G. 
Telecommunications supplementary studies standard 
respectively. Salary scales: (i) 3 Lecturers, £1,408 to 
£1,601 with possible entry above the minimum. 
(ii) Assistant Leacturers (Grade B) appointment 
within scale £738 to £1,201 with additions as 
approved to a possible maximum of £1,486 for 
degree, good honours and suitable full-time study on 
research. Point of entry and maximum dependent on 
relevant industrial or teaching experience and 
qualifications. Application forms from the Secretary, 
returnable within two weeks. Please quote 
(FE.3a/E/224/3). W 5077 


RESEARCH FELLOWSHIPS (3 years) in 
Government Scientific Establishments: Value £1,325- 
£1,640 p.a. (Senior) and £910-£1,220 p.a. (Junior). 
A very wide range of topics, especially in the Physical 
Sciences; also several vacancies in various branches 
of Biology. Qualifications: normally First or 
Second Class Honours Degree; evidence of high 
standard of ability in research; and at least 2 years’ 
post-graduate research experience (3 years for 
Senior Fellowships). Those completing these periods 
of experience in 1961 may apply. F.S.S.U. Write, 
Civil Service Commission, 17 North Audley Street, 
London, W.1, for application form, quoting 
$/5244/61. W 5081 


SENIOR ELECTRONICS TECHNICIAN 
required in the Department of Physiology for the 
development, construction and maintenance of high 
gain amplifiers, oscillographs and associated electro- 
physiological apparatus. Whitley Council salary 
scale. Superannuation. Apply, in writing, stating 
qualifications, to the Secretary, The Middlesex 
Hospital Medical School, London, W.1. W 5088 
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RADIO TECHNICIANS IN CIVIL AVIA- 
TION. Men aged 19 or over for interesting work 
providing and maintaining aeronautical telecom- 
munications and electronic navigational aids at 
aerodromes and radio stations in the U.K. Funda- 
mental knowledge of radio or radar with some 
practical experience essential; training provided on 
special types of equipment. Salary according to age 
and station, approx. £670 at age 25 rising to £795. 
Prospects of permanent pensionable posts. Good 
opportunities for those who obtain O.N.C. in Elec. 
Eng. or certain C. and G. Certificates for promotion 
to posts with maximum salaries of £950, £1,085 
and £1,335. Apply to the Ministry of Aviation 
(Est.5(a)/RT), Berkeley Square House, London, 
W.1, or to any Employment Exhcnage quoting Order 
No. Westminster 3552 W 5027 


ROYAL NAVAL SCIENTIFIC SER VICE 
Admiralty require Senior Scientific Officers/Scientific 
Officers at an Underwater Weapons Establishment, 
Portland, Dorset (Ref. C69/1A). (1) Mechanical 
Engineer, specialised in thermodynamics with 
experience in internal combustion engine research 
and/or rocket propulsion field. Minimum 5 years’ 
experience in either expected. Some experience in 
appropriate instrumentation essential with design 
study work on components of rocket systems or 
other propulsion gear. Turbine design experience 
advantageous. (2) Mechanical Engineer with bias for 
one or more of: (i) hydraulically operated mechan- 
isms, including servo-control; (ii) mechanics of 
machines (theory and practice); (iii) hydro- (or 
aero-) dynamics of fairly elementary character. 
(3) Hydrodynamicist (or Aeronautical Engineer), with 
some years’ experience for work on torpedo dynamics. 
(4) Mechanical Engineers (Servo-mechanisms, gyro 
design and develop), Electronic Engineers (Elec- 
tronics/Design), Mathematicians (Operational 
research and theoretical physics), Physicist 
(acoustics). B: Government Communications H.Q., 
Cheltenham (Ref. A43/1A). Physicists (Telecom- 
munications), Mathematicians, Electronic Engineers 
(Electronics/Radar): Telecommunications and 
Radio). C: Naval Construction Research Establish- 
ment, Dumfermline (Ref. C70/1A). Structural and 
Mechanical Engineers, Mathematical Physicists and 
Mathematicians, for teams engaged on research 
problems of structural strength, effects of con- 
ventional and nuclear weapons and development of 
new structural materials. Excellent opportunities 
and good prospects for promotion. D: Admiralty 
Compass Observatory, Slough (Ref. D47/1A) 
Electrical or Mechanical Engineers or Physicists 
interested in gyro-techniques, servo-mechanisms or 
electronics. Qualifications for all posts: Ist or 2nd 
Class Honours Degree or equivalent in appropriate 
subject. Must normally be natural born British 
subjects of natural born British parents S.S.0.’s 
must have had minimum 3 years’ post-graduate 
experience and be not less than 26 years of age. 
Salaries: (A) S.S.O., £1,302-£1,604; S.O., £717- 
£1,186. (B, C, D) S.S.O., £1,342-£1,654; S.O., 
£738-£1,222. Appointments unestablished (with 
F.S.S.U. benefits) but opportunities for those between 
21 and 32 to compete for established posts. Forms 
from Ministry of Labour, Technical & Scientific 
Register (K), 26 King Street, London, S.W.1, quoting 
appropriate reference and post. W 5080 


SENIOR ASSISTANT (SCIENTIFIC): 
Department of Scientific and Industrial Research. 
Pensionable posts at National Engineering Labora- 
tory, East Kilbride, Glasgow, for man or woman at 
least 30 on 1.2.61, for setting up and operating 
electronic instruments, and making, calibrating and 
servicing experimental apparatus. Qualifications: 
Scottish Leaving Certificate with passes on lower (or 
higher) grade in 4 subjects, including English and 
Mathematics or Science, or an equivalent (or higher) 

lification. C who have satisfactorily 
completed second year (S2) of O.N.C. may apply. 
At least 2 years’ relevant experience essential. Salary 
scale, £786-£1,052. Houses to rent available for 
married staff. Write, Civil Service Commission, 17 
North Audley Street, London, W.1, for application 
form, quoting S/5263/61. Closing date, 21 March, 
1961. W 5083 
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THE SCIENTIFIC CIVIL SERVICE needs 
men and women for pensionable posts as (a) Experi- 
mental Officers and (6) Assistant Experimental 
Officers in Mathematics, Physics, Meteorology, 
Chemistry, Metallurgy, Biological Sciences, Engineer- 
ing, Miscellaneous (Geology, Library and Technical 
Information Services). Candidates must, on 31.12.61, 
be at least 26 and normally under 31 for (a), and at 
least 18 and normally under 28 for (6). Qualifications 
should normally include H.S.C., or G.C.E., or 
equivalent, or H.N.C., a University Degree, or a 
Diploma in Technology. Provisional admission if 
taking examinations in 1961. London salary scale: 
(a) £1,117-£1,376; (b) £465 10s. (at 18) to £826 (26 or 
over), rising to li, ‘omotion prospects. 
Furt' education facilities. Write Civil Service 
Commission, 17 North Audley Street, London, W.1, 
for application form, quoting S/ 94-95 /61. W 5071 


THE SCIENTIFIC CIVIL SERVICE needs 
men and women for pensionable posts as Assistants 
(Scientific). Ages at least 17 and normally under 27 
on 31.12.61, with appropriate educational or 
technical qualifications (normally G.C.E. with 

at ‘O’ or ‘A’ level in 4 distinct subjects iesledion 
English Language and a scientific or mathematical 
subject, or O.N.C., or equivalent qualifications), 
and at least one year’s experience in: (i) Engineering 
or Physical Sciences, or (ii) Chemistry, Bio-chemistry 
or Metallurgy, or (iii) Biological Sciences, or (iv) 
Geology, Meteorology, or skilled work in laboratory 
crafts such as glassblowing. London salary from 
£361 10s. (at 17) to £571 (at 25 or over), rising to 
£743. Promotion prospects. 5-day week generally 
Write Civil Service Commission, 17 North Audley 
Street, London, W.1, for application form, quotin 
S/59/61. Ww 5074 


WELSH COLLEGE OF ADVANCED 
TECHNOLOGY, Cathays Park, Cardiff. Electrical 
Engineering Department. Applications are invited 
for teaching posts in Electrical Engineering. Owing 
to the expansion of Sandwich Courses there are 
vacancies in the following grades: Senior Lecturer— 
salary, £1,550 x £50-£1,750 p.a.; Lecturer—salary, 
£1,370 x £35-£1,550 p.a.; Assistant Lecturer— 
salary, £700 x £27/10/0-£1,150 p.a., plus additions 
for required qualifications and experience. Applicants 
should possess a University Degree, together with 
teaching and industrial experience. Application 
forms (together with further particulars) may be 
obtained from the Registrar, to whom they should be 
returned not later than 18 March, 1961. Robert E 
Presswood, Clerk to the Governors, 6 een pas 

5 





SITUATIONS Vv ACANT 


DRAUGHTSMEN, Senior and Junior, are 
required to prepare designs and circuit diagrams 
for an interesting range of electrical and electronic 
equipment in the expanding Electronic Division of 
an old-established company in S.W. London. 
Applicants should have electrical qualifications and 
suitable previous experience. The positions offered 
are permanent and carry competitive salaries. 
Applicants should write, stating age and qualifica- 
tions, and giving a concise account of previous 
experience, to The Personnel Manager, W. R. Sykes 
Interlocking Signal Co. Ltd., 26 Voltaire Road, 
Clapham, S.W.4. W 5078 


ELECTRONIC DEVELOPMENT ENGI- 

NEERS with minimum of 3 years’ transistor 
experience, Degree, Grad.Brit.1.R.E. or H.N.C 
standard, required. This is an opportunity to join 
a young development team in a rapidly expanding 
company. The work is interesting and varied. 
A good salary will be paid and increases will be 
directly related to results. In the first instance, write 
or phone the Chief Engineer, BEME Telecommunica- 
tions Ltd., Hythe, Hants (Tel Hythe 2266). W 2022 


ELECTRONIC DRAUGHTSMAN to draw circuit 
diagrams and electronic instrument layouts, compile 
parts lists and prepare printed circuit masters. Com- 
petence in good drawing office practice and familiarity 
with electronic instruments and components and with 
assembly, mounting and wiring methods are essential. 
This attractive opportunity offers wide responsibility 
and a generous salary. State fully career details and 
salary required to Technical irector, Shandon 
Scientific Co. Ltd., 6 Cromwell Place, S.W.7. 

W 5053 
ERIE RESISTOR LIMITED invite applications 
for the post of Technical Sales Representative for 
Scotland and the northern counties of England. 
Applicants should preferably have had recent similar 
experience, and must be the holder of the Higher 
National Certificate in Electrical Engineering, or of 
some similar qualification, and, above all, must be 
conversant with modern radio and television 
technology from the manufacturing angle. Applicants 
must also own a reasonably modern car. Considera- 
tion will also be given to the training of recent 
graduates, provided they have the basic knowledge 
of electronics. There is also an inside vacancy for a 
capable man with similar qualifications and with 
previous sales o experience. Both appointments 
are progressive, and subject to the Company's staff 
superannuation and life assurance scheme. Written 
applications only, stating age, experience and salary 
required, to Manager, | Heddon Street, 
London, W.1! W 5091 
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ELECTRONICS ENGINEERS. Further ex- 
pansion at the Head Offices of Hilger & Watts Ltd., 
has led to the foliowing vacancies: (1) Electronic 
Design Engineer with at least 2 years’ experience in 
transistor circuit design involving both amplifiers and 
switching networks. Qualifications, H.N.C. mini- 
mum. Duties involve application of transistor 
techniques to optical and process control instruments. 
(2) Electrical Engineering Graduate with some 
electronic experience, for research and development 
of spark generators for spectrographic light sources. 
Ability to carry development inte production stage is 
essential. (3) Research Engineer—Data Processing. 
A young H.N.C. or B.Sc.(Physics or Eng.), to work 
on own initiative. Some years’ experience ideally in 
the digital computing field (peripheral equipment of 
large-scale computers, or telemetry, etc.) (4) Systems 
Engineer-Digital Techniques. A young H.N.C. or 
B.Sc.(Eng.) with some experience of digital and pulse 
techniques, to assist in specifying Data Processing 
systems to customer requirements. Apply, Chief 
Personnel Manager, 98 St. Pancras Way, Camden 
Road, N.W.1 (Gulliver 5636). W 5085 


ELECTRONIC ENGINEER. Interesting, varied 
work on scientific instruments. Small, rapidly 
expanding company provides friendly and informal 
conditions with good opportunities for advancement. 
Essential qualification: a thorough understanding of 
electronic valve circuitry at d.c. and low frequencies, 
both theoretical aspects and practical application. 
Experience of transistors, printed circuits and/or 
magnetic amplifiers an advantage. State fully career 
details and salary required to Technical Director, 
Shandon Scientific Co. Ltd., 6 Cromwell Place, y Seis 
Ww 


INTERNATIONAL COMPUTORS & 
TABULTORS LTD. Hollerith & Powers 
Samas Accounting Machines. Electronic Engineers 
are required: (a) to specialize on Calculators and 
Computers of all types manufactured by the Com- 
pany and to be based on Field Engineering Head- 
quarters, Luton, Beds. Successful applicants will be 
required to travel throughout the United Kingdom 
and occasionally abroad. (6) to service Calculators 
and Computers of all types already installed in 
Greater London, the Home Counties, and the 
industrial Midlands. The following training and 
experience is sought for both types of vacancies: 
(i) Experience in the maintenance and servicing of 
Electronic Equipment (Pulse Techniques) either in 
industry of H.M. Forces and Radar; in addition the 
ability to handle bench tools and instruments, with 
an appreciation of the effect of electrical circuits or 
complete mechanisms. (ii) Qualifications: O.N.C. 
(Electrical) or equivalent studies in Telecommunica- 
tions. Applicants with experience on Radar in H.M_ 
Forces will also be welcome. These are salaried 
positions which offer: (a) A progressive career; (5) 
Retirement benefits; (c) Excellent Sick Pay Scheme; 
(d) Holiday entitlement extended to three weeks after 
five years’ service. Applicants who have this training 
and experience and who are aged 21-35 years, are 
invite to write to E. J. Reeves, Principal, Field 
Engineering Personnel Section, 5-11 Holborn Bars, 
London, E.C.1. W 5086 


OVERSEAS. Electronic Technicians are required 
by an Oil Exploration Company with Headquarters 
in the U.K. Men should be single on joining. Work 
will include the maintaining and operating of 
field equipment often under conditions of desert, 
jungle, and swamp. The equivalent of an H.N.C., 
with practical experience in electronics, is essential. 
Tours overseas are of up to two years followed by 
home leave. Write with full particulars, covering 
any time spent in the Forces, to Box No. W 356. 
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JUNIOR SEMICONDUCTOR CIRCUIT 
D EB s. Transitron Electronic S.A 
European Semiconductor Circuit Laboratory has 
immediate vacancies for Junior Development 
Engineers to work on various aspects of circuit 
design using ae Controlled Rectifiers, PNPN 
Switches, B Tr s and Tunnel! Diodes. 
Applicants should preferably have S.N.C. and about 
2 years’ circuit — experience but candidates in 
their final year H.N.C. will be considered and day 
part-time release arranged where necessary. Reply, 
in confidence, to: Chief Application Engineer, 
Transitron Electronic $.A., Bilton House, eae 
Road, London, W.5. W 5082 


LOUIS NEWMARK LIMITED, icading com- 
pany in the design of auto pilots for helicopters are 
expanding their facilities at their Development 
Laboratories at Croydon and have the following 
vacancies to be filled immediately. BCT and 
Assistant Engineers with degree or and 
experience in the field of light electrical engineering, 
electronics, electro mechanical devices of semi 
conductors, to work on the development, installation 
and flight testing of automatic pilots. Salary com- 
mensurate with experience. Pension Scheme. Apply 
in writing, giving full particulars, to: Personnel 
Officer, Louis Newmark Ltd., Prefect Works, oer 
Way, Croydon, Surrey. 351 


ROTHAMSTED EXPERIMENTAL STATION, 
Harpenden, Herts. Laboratory Technician required 
by Chemistry Department for maintenance and con- 
struction of nucleonic and other —— laboratory 
equipment and routine assay of radio-isoto by 
conventional counting methods. H.N.C. of 

uivalent appropriate qualification. Pay on scale 
£186 by 7 increments to £1,082. Superannuation. 
Apply, in writing, to the Secretary. W 2024 


TECHNICAL AUTHORS are invited to 
apply for two interesting appointments to prepare 
instruction manuals for a wide range of complex 
radio navigational equipment. These posts, 
which are permanent and pensionable, wil! be 
based at our New Malden research laboratories. 
Please write, in confidence, with details of qualifica- 
tions and experience, to Technica! Publications De; 
Navigator Company Limited, 47 
Burlington Road, New Maiden, Surrey. W 5092 


TECHNICAL SALESMAN Opportunity wil! 
shortly occur in expanding business specializing in 
Axial Flow and Centrifugal Fans used for electronic 
cooling and industrial processes generally for Sales 
Engineer having experience in this field. Write, with 
full particulars, qualifications, age, etc., to Personnel 
Manager, Service Electric Co. Ltd., Honeypot | Lane, 
Stanmore, Middlesex. W 2019 


TECHNICAL SALES REPRESENTATIVE 
required by City firm dealing in Industrial Chemicals 
and raw materials for the electronic industry. 
University Degree and some knowledge of French 
essential. Salary according to age and qualifications, 
within the £750 to £1,500 range. Superannuation 
Scheme. Age preferably 25 to 30.. Box No. W 5090. 


TRANSISTOR CIRCUIT ENGINEER. A 
Senior Engineer, preferably with qualifications, is 
required by a leading component manufacturer. At 
least 3 years’ previous Transistor experience is 
essential, preferably, but not essentially, in com- 
mercial radio and television. The factory is situated 
in a pleasant part of the South Coast. This Staff 
Appointment carries a good salary and pension 
scheme, etc. Applicants should be under the age of 35 
and should apply, in writing, giving full particulars of 
experience, qualifications and present salary, to Chief 
Engineer, Messrs. Sydney S. Bird & Sons Ltd., 

Fleets Lane, Poole, Dorset. Ww 2018 








SITUATIONS WANTED 


TOP-FLIGHT Electronics Designer desires to join 
small company in order to inject ideas, enthusiasm, 
effort. Object: to build — laboratory instrument 
organization. Box No. W 20. 


EDUCATIONAL < 


CITY AND GUILDS (Electrical, etc.) on “NO 
PASS—NO FEE” terms. Over 95 per cent successes. 
For details of modern courses in all branches 
of Electrical Engineering, Applied Electronics, 
Automation, etc., send for our 148-pa: ee aIO. 

FREE and post free. B.LE.T. oan 
29 Wright’s Lane, London, W.8. 


LEARN RADIO AND ELECTRONICS the 
New Practical Way! Very latest system of experi- 
menting with and building radio apparatus—‘as you 
learn’. Free Brochure from Dept. EE10, Radio- 
structor, 40 Russell Street, Reading, Berks. W 353 
TV. AND RADIO—A.M.BritI RE, City & 
Guilds, R.T.E.B. Certificate, etc., on “NO PASS — 
NO FEE” terms. Over 95 cent successes. For 
details of Examination and Home Training Courses 
| ag practical apparatus) in all branches of 
.V. and Electronics, write for 148- 

handbook. Free. B.LE.T. (Dept. 337H), ava s 
Lane, London, W.8. W 187 
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SERVICE 

ENVIRONMENT CABINETS. Why use anti- 
uated methods to obtain Low Temperatures when 
can be obtained by the flick of a switch. Used 

for Metal Treatment, Research, Testing, Storage and 
Preservation. Will Lec Cabinet Temperature ranges 
from Plus -i00.C to Minus 100 C cover your re- 
wirement 7? Write for further details to—Low 
‘emperature Division, Lec Refrigeration ge 
Bognor Regis, Sussex. W 5029 
EXTRA oe FACILITIES: Skilled 
workers + + expert supervision = 
extra production facilities for you. See page as - 


METALWOARK. All ty cabinets, chassis, racks, 
etc., to your own specifications. Philpott’s Metal- 
works Ltd., Chapman Street, Loughborough. ose 

1 


TRANSFORMERS DESIGNED AND MANU- 
FACTURED Prototypes or batch productions of 
up to 3 KVA. Prompt delivery. Suppliers 

TA, Universities and leading Industrial 
Concerns. Est. 1922. Phone: SHI : 2483. Forrest 
Transformers Ltd., Shirley, Solihull, bette 5 
Telephone Stiicicy’ 2483. W 350 








TRANSLATIONS — TECHNICAL AND 
COMMERCIAL from: French, German, Dutch 
into English. P. J. Arthern, 34 Oxford Road, 
Carshalton, Surrey. 


FOR SALE 


50,000 PRECISION INSTRUMENT GEARS 
of all types from stock. (Now including spiral 
bevels.) rite for fully comprehensive catalogue. 
The Davali Gear Company Limited, Potters Bar, 

Middlesex (Telephone No. Potters Bar 2382). 
W 357 


LARGE STOCK of various surplus, electrical 
insulating materials in sheet, strip, tube, bar and rod 
form, plus a big quantity of 12 in. by 8 in. pieces of 
Paxolin sheet from % in. up to } in. thick; also 
large quantity of light, screened, cable in various 
sizes. Woodfield & Turner, Lid., Burnley (Tel. 

34). W 5018 


FOR SALE: One Semi-Automatic Temperature 
Coefficient of Capacitance Test Apparatus Mark II 
Designed by Signals Research Laboratory for high. 
speed testing of capacitors. Full details and reduced 
price from L. Solloman Ltd., Beaufort Street, 
Manchester, 3. Telephone: BLA 4571. W 5032 


i090 Ms4H— nepane Stabilised Power Units + 300 
volts, 120 mA; M36H—-Roband Stabilised 
Power Units +300 he 500 mA. Price on applica- 
tion. Leesona Holt Ltd., Unity Works, erees 
Lancs. (Phone: Heywood 682. 823). W 2017 





CAPACITY AVAILABLE 





CABLEFORMS AND WIRING. Lexor 
Electronics Limited have quantity capacity for all 
types of cableforms, looms, harnesses and equipment 
wiring. All inquiries to Alilelsey Old Road, 
Coventry. Ww 34 


CAVE, SMITH & COMPANY LTD., 
have capacity available for assembly or sub-assembly 
of all electronic equipment, cable forms, looms and 
harnesses. Contract, sub-contract, short runs or 
regular production. Delivery promises kept. All 
inquiries to Union Street, Hereford 6063. W 2021 


DON'T FORGET Precision Units Ltd., Seacrest 
Works, Church Road, Parkstone (1664), Dorset, for 
Machine Engraved labels in plastic and metal. 
Keen prices. Reliable delivery. First Class pro- 
ductions. W 4024 


ELECTRONIC ASSEMBLY & WIRING 
capacity available backed by full machine sho 
facilities. D.E.1. approved. G. H. Garland 

Company Limited, 101-105 Nibthwaite Road, 
Harrow, Middlesex. Harrow 3536. W 4025 


LONDON RADIO ENGINEER or firm 
with good knowledge of valve amplifier and oscillator 
circuits required to undertake repairs on his own 
premises to electronic equipment. About 20 jobs 
year. ne, Birks & Co. Ltd., 90 nee 
oad, S.E.1 W 2025 


PRODUCTION CAPACITY. Lexor Electronics 
Limited have quantity production capacity available 
for electronic equipment and microwave assemblies. 
All inquiries to Allesley Old Road, Coventry. oreo 


USE OUR Torcidal Winding Machines. 
Capacity available for winding Cores, having finished 
i/d of 0.055 in. up to 24 in. o/d with 6 in. maximum 
height. Experienced engineers, skilled operators, are 
available to give efficient service and speedy delivery. 
Inquiries: Production Engineer, Toroid Division, 
Aveley Electric Limited, South Ockendon, Essex 
(SOO 3444). W 5070 


AGENTS 








FRENCH AGENT, with introductions to 
civilian and military administrations, research 
laboratories and private and state industries, seeks 
representation of English Company manufacturing 
electronic equipment. Pierre Ratelet, 1 Rue Felix 
Faure, Enghien (S.-et-O.). W 5073 


PATENTS 





PATENT No. 766,033, entitled “Mount for 
Piezo-Electric Crystals”, is for sale or licence. For 
details apply to Chatwin & Company, Chartered 
Patent Agents, 253 Gray’s Inn Road, London, 

a4 W 5072 





this field and possess :— 


Please quote reference PC. 
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WYTHENSHAWE 


have vacancies for young men and women who wish to pursue an interesting and rewarding career in the field of 


TECHNICAL AUTHORSHIP 


The Company's activities are many and varied and the present vacancies are concerned with the preparation of publications 
associated with the “BLOODHOUND” Guided Weapon and the ““ARGUS” Electronic Computer. 


Applications are invited from men and women who either have experience of technical authorship or who wish to enter 


(a) A knowledge of electronics to Degree or H.N.C. standard or wide practical experience 
with electronic equipment in either the Services or industry, and 
(b) the ability to produce clear and concise draft publications from engineers’ notes. 


Successful applicants will be offered a salary fully commensurate with qualifications and/or experience, and with the 
benefit of a Staff Pension Scheme and a Dependants Insurance Scheme. 


The Publications Group is housed in a modern building, pleasantly situated on the Cheshire boundary with 
easy access to town and rural areas. 


Forms of application can be obtained from:— 


MEN T. J. Lunt, Staff Manager, 
Ferranti Limited, 
Hollinwood, Lancs. 


WOMEN: Women’s Personne! Officer, 
Ferranti Limited, 
Wythenshawe, Manchester, 22. 
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EE 31! 260 for further details 


-—— sa 
POWER 
TRANSISTORS 


2 TO 30 WATTS DISSIPATION AT 100°C 


OUTSTANDING FEATURES 


% Extremely low saturation resistance * High beta at high current 
*% High current and power dissipation ratings * High temperature performance (up to 175°C) 


MEDIUM POWER TYPES 











LOW POWER TYPES HIGH POWER TYPES 


XC703 XC713 XC723 

Maximum collector/base voltage (volts) re es - “os 60 60 60 
Maximum emitter/base voltage (volts) .. a an ea ba 12 12 10 
Minimum he (Ve = 4V, I. = 200 mA) ‘ ii ne 5 . 

(Vee = 4V, I, = 750 mA) Es a At ae — 15 

(Veg = 4V, 1, = 1.5 A) a ia as oa — 
Average fz (Vcp = 28V, 1, = 5 mA) (Mc/s) a ae ae 1.5 

(Va = 28V, I, 5 mA) (Mc/s) id ~- i — + . 

(Vom = 12V, 1, = 100 mA) (Mc/s) By a Si — . | 


Have you our latest transistor data sheets? A request on your business notepaper will bring you a set made up to date. 


EDISWAN SEMICONDUCTORS 


MAZDA Associated Electrical Industries Ltd 
Radio & Electronic Components Division 
Semiconductor Department 
155 Charing Cross Road, London, W.C.2 Telephone: GERrard 9797 
TaA15/87 
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SITUATIONS VACANT (Cont'd.) 





[dlerranti computers 


WEST GORTON, MANCHESTER 


announce the following 


RANGE OF VACANCIES 


for most interesting and varied work associated with the accelerating programme of production of 


DIGITAL COMPUTERS 


(1) TEST EQUIPMENT DESIGN ENGINEERS 
(2) STANDARDS LABORATORY ENGINEERS 
(3) TEST ASSISTANTS 


Desirable qualifications for these categories are: 


For (1) Degree or H.N.C. in Electrical Engineering or Applied Physics. 
For (2) The same but with specialized knowledge of modern laboratory instruments. 
For (3) Ordinary National Certificate or equivalent. 


Applicants possessing lesser qualifications, but sufficient previous experience of a suitable kind, will be considered. 
Salaries offered will be fully commensurate with qualifications and experience, and would subject to annual review. The 
Company operates a Staff Pension Scheme and a Dependants’ Insurance Scheme. 


Forms of application can be obtained from T. J. Lunt, Staff Manager, Ferranti Limited, Hollinwood, Lancs. 
Please quote reference D.D.C. 











Break for a young 


ELECTRONICS ENGINEER 


If you feel that your initiative, ability and growing 


experience is wasted on routine work in a large THE AIRPORT - PORTSMOUTH 


laboratory, this is your chance! 


APPLIED 


ELECTRONICS 


LABORATORIES 


i Are engaged in the development of a wide range of 
A small electronics company, part of a very large group, electronic and electro-mechanical projects. 


requires an adventurous and enthusiastic young 
Electronics Engineer to develop instruments and 


equipment for industrial applications. UALI Fj ED 
Your salary will be about £1,200 p.a. to begin with, but 0 

you should have the potential to earn very much more 

with the future progress of the company. 


You will join a young company with a young manage- particularly if they have experience in the design and develop- 
ment team. If you are looking for real adventure with ment of transistorised circuitry. 


hard work, write to: This is a progressive establishment employing young men 
with advanced ideas. 


Increasing commitments necessitate expansion of staff at 
THE MANAGER, all levels and promotion prospects are excellent. 


Our senior technical staff will be pleased to have informal 
KAPPA ELECTRONICS Pitino Foam (at weekends if desired). 
159 HAMMERSMITH ROAD, 
LONDON, W.6. 


We have an immediate requirement for 





Please write in confidence to the Personnel Officer. 
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ULTRA ELECTRONICS LIMITED 


require an 


ELECTRICAL 
DRAUGHTSMAN 


who should be fully experienced in printed circuit 
work, bench wiring diagrams, circuit diagrams and 
layouts. 


Excellent conditions include a Pension, Life Assur- 
ance Scheme and a good salary will be paid. 
Applicants should write to:— 


The Personnel Officer, 


ULTRA ELECTRONICS LIMITED 
Western Avenue, Acton, W.3. 
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English Electrie Valve 
Company Limited 


MICROWAVE RESEARCH 
AND DEVELOPMENT 


The Company has considerable effort engaged on 
research and development into very low noise micro- 
wave tubes. 


Physicists and engineers are required to assist in this 
programme and whilst we would prefer graduates with 
experience in this field of activity we would be pleased 
to hear from graduates with good honours degrees 
backed up with industrial experience in light electrical 
or electronic companies. 


Employment would be at the Company’s Works in 
Chelmsford, Essex. 


Enquiries should be addressed to: Group Personnel 


Services, English Electric House, Strand, London, 
W.C.2 quoting reference EE 1506K. 


SSIS 
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BRIMAR LIMITED 


Resulting from our planned expansion programme 
in the production of receiving valves and cathode 
ray tubes, we wish to appoint additional 


senior & intermediate 


engineers 


to join teams working in the following fields of 
activity :— 


| PRODUCT APPLICATION 
ENGINEERING 


2 CATHODE RAY TUBE GUN 
DEVELOPMENT 


3 RECEIVING VALVE DEVELOPMENT 


4 CATHODE RAY TUBE PROCESS 
DEVELOPMENT & CONTROL 


5 AUTOMATIC EQUIPMENT 
DEVELOPMENT 


6 PROJECT ENGINEERING 
(C.R.T. EQUIPMENT) 


Candidates should have had appropriate experience 
in one or more of the above fields. In the case of 
Product application engineering a broad general 
experience in circuit design and analysis is essential. 
Qualifications required: University Degree, H.N.C., 
or equivalent. 


These posts offer considerable scope for men 
capable of original and constructive thought who 
have the initiative and drive to complete projects 
within a planned programme. 


All the posts are Staff appointments offering com- 
petitive salaries, contributory Pension Fund and 
good prospects for advancement. 





INFORMAL INTERVIEWS 


AT MUTUALLY CONVENIENT CENTRES 
THROUGHOUT THE U.K. will be offered to 
short-listed applicants from those who write giving 
details of age, qualifications and experience to:— 


THE PERSONNEL MANAGER (REF.FK.3), 
BRIMAR LTD., ROCHESTER, KENT 


All details will be treated in the strictest confidence. 
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conductor devices. 


JRP 1-3 should please be quoted. 
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OPPORTUNITIES IN PRODUCTION ENGINEERING 


The expanding programme of the Company in the important new field of 


SEMI-CONDUCTOR DEVICES 


gives rise to vacancies for 


QUALIFIED ENGINEERS AND PHYSICISTS 


as follows :— 


SENIOR PRODUCTION ENGINEERS with direct experience of the production of semi- 


PLANNING & PRODUCTION ENGINEERS possessing H.N.C. in Electrical Engineering 
and whose experience suggests that they are likely to be successful in the handling of problems 
arising in the quantity production of small electronic devices, even if not actually in this field. 


TECHNICAL PROCESS ENGINEERS of graduate status for the technical control of production 


and for the development of production processes. 


Application should be made in writing to T. J. Lunt, Staff Manager, Ferranti Limited, Hollin- 
wood, Lancs, giving in the first instance brief details of qualifications and experience. Reference 





CROSFIELD 


ELECTRONIC ENGINEERS 


of Senior and Junior status are required for design and 
development work on Electronic and Optical-Electronic 
equipments. Very interesting work is ensured employing 
transistors and valves in industrial applications. 
if you consider you have suitable qualifications and experience 
and are interested in a high salary, do not hesitate to write 
in confidence to: 


Chief Engineer, Graphic Equipments Division, 


4. F. Crosfield Ltd., 
2 Elthorne Road, London, N. 19. 











Plessey 


ELECTRONIC ENGINEERS «equired 


APPLICATIONS ENGINEER with H.N.C. (E.) and with 
a wide experience of Silicon Rectifiers, power circuitry and power 
supplies. 
ASST. APPLICATIONS ENGINEER preferably O.N.C. 
Electrical and with Electronics experience on Test Gear or Develop- 
ment circuitry. 
These are new appointments and the successful applicants will form 
@ small team engaged in the application and measuring charac- 
teristics of Diode circuitry and new devices. 
Salaries will be commensurate with qualifications and experience. 
Applications in writing to the Personnel Officer, The Plessey Company 
Limited, Wood Burcote Way, Towcester, Northants. 
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UNITED KINGDOM 
ATOMIC EXERGY AUTHORITY 


PRODUCTION GROUP 
INSTRUMENT MECHANICS 


Windscale and Calder Works, and Chapelcross Works require 
experienced men with knowledge of electronic equipment 
and/or industrial instrumentation for fault diagnosis, repair 
and calibration of a wide range of instruments used in 
nuclear reactors, radiation laboratories and chemical plant. 
This interesting work involves the maintenance of instru- 
ments using pulse techniques, wide band low noise amplifiers, 
pulse amplitude analysers, counting circuits, television, and 
industrial instruments used for the measurement of pressure, 
temperature and flow. 


Men with Services, Industrial or Commercial background 
of radar, radio, television, industrial or aircraft instruments 
are invited to write for further information. Training Courses 
in Specialised Techniques are provided for successful 
applicants having suitable instrumentation background. 
Married men living beyond daily travelling distance will be 
eligible for housing. A lodging allowance is payable whilst 
waiting for housing. Working conditions and promotion. 
prospects are good. 


Applications to:— 


Works Labour Manager, 
Windscale and Calder 


Works, 
Sellafield, 
Seascale, Cumberland. 


Works Labour Manager, 

°F Chapelcross Works, 
Annan, Dumfriesshire, 
Scotland. 
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TRANSMISSION DEPARTMENT 
TELECOMMUNICATIONS DIVISION 


Continued expansion of the Department under the Chief 

Engineer, J. A. Pim, B.Sc.(Eng.), Ph.D., M.I.E.E., requires now 

a further number of highly competent Senior Engineers of 

above average ability. Positions are available in the following 
fields: 


Carrier Transmission Systems 

Radio Link Systems 

Pulse Circuits 

Transistor and Valve Circuits 

Passive Networks 

Equipment Engineering 

Technical Writing 
It is anticipated that suitable candidates will be over 30 years 
of age and already in receipt of a salary of at least £1,100 p.a. 


Applications, giving full details of age, experience, qualifica- 
tions and salary, should be addressed to: 


The Chief Engineer, 
Transmission Dept., ref. 730/69, 
Associated Electrical Industries Ltd., 
Woolwich, London, S.E.18. 








ARMSTRONG WHITWORTH 
EQUIPMENT 


HUCCLECOTE — GLOUCESTER 


require 


SENIOR DESIGN 
ENGINEERS 


Vacancies exist in an expanding organisation 
for engineers to fill senior positions in the design 
organisation. These are monthly staff appoint- 
ments and only a limited number of vacancies 
exist. 

Applications are invited from qualified engin- 
eers with experience in either Electronics, 
Electromagnetic or Hydraulic fields for work on 
a wide range of industrial and military control 
systems and their associated components. 


Apply in writing to the: 
RESIDENT MANAGER, 

SIR W. G. ARMSTRONG WHITWORTH 
AIRCRAFT LTD., 


Armstrong Whitworth Equipment, 
Hucclecote, Gloucester. 
Telephone: Gloucester 66781. 
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ELECTRONIC ENGINEERS 


Extremely attractive vacancies exist with the 


BRITISH MANUFACTURE 
AND RESEARCH CO. LTD. 


Grantham, Lincolnshire 


who as the British associates of Hispano Suiza, are engaged in 
a major development programme of civil and military projects. 
Those candidates selected will assist in meeting commitments 
to various N.A.T.O. and other European countries for 
weapons systems. 


THE JOB Design and/or develo; 
ment of electro-m 
anical and electronic 
uipment associated 
with modern fire con- 


trol gear. 

Several years’ work on 

serv hani s and 

light current control 

equipment. 

QUALIFICATIONS Degree or equivalent in 
Electrical ngineering 
or Physics. 


EXPERIENCE 





The Company offers above average salaries with payment for 
overtime to successful candidates. Canteen, sports facilities, 
pension scheme and sick fund are available. Applications 
stating qualifications, experience and present salary 
should be addressed to the Chief Engineer quoting 
ref. EE/EE. 
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Progressive Senior Appointments 
for 
ELECTRONIC ENGINEERS 


A number of vacancies for experienced circuit design 
Engineers have been created as a result of the continued 
expansion of these laboratories. The positions offer 
immediate technical and administrative responsibility 
and are expected ultimately to lead to project leader 
status for men of ability and initiative. 


The vacancies will be of particular interest to engineers 
with experience of the application of semi-conductors in 
fields ranging from 


TRANSISTORISED LOGIC AND DATA PROCESSING CIRCUITS 


for military and industrial applications to 
HIGH POWER STATIC INVERTERS 
Candidates, aged at least 25 years, should hold a 
University degree, H.N.C., or an equivalent qualification 
and should have had at least 3 years practical experience 
in industry. 


Salaries compare very favourably with those prevailing 
in the industry and are subject to annual review. 
Applications should be made in writing to ;— 


THE CHIEF ENGINEER 
THE GENERAL ELECTRIC COMPANY LIMITED 
Electronic Division Laboratories 
BROOK GREEN. HAMMERSMITH, LONDON, W4. 


THAT 
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We offer excellent opportunities to qualified engineers able to maintain our high 
standards—lif you are a 
DEVELOPMENT ENGINEER 
TECHNICAL ASSISTANT 
Live and work in pleasant or 
surroundings at our modern DESIGNER DRAUGHTSMAN 


warte tn Gestinghensuve. with experience in one of the following fields 


ELECTRONIC INSTRUMENTS - INDUSTRIAL 
CONTROL EQUIPMENT ~- H.F., V.H.F. AND 
U.H.F. TELECOMMUNICATIONS EQUIPMENT 


Write N O W for an appointment to 
The Personnel Officer, AIRMEC LIMITED, HIGH WYCOMBE, BUCKS. 
Telephone: High Wycombe 2501-7 


Assistance in obtaining and 
purchasing suitable houses will 
be provided if necessary. 
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ELECTRONICS ENGINEER 


There is a continuous demand for test equipment caused through the 
increasing complexity of modern valves. We require an experienced 
electronics engineer to design such test equipment. 


THE METAL BOX COMPANY LIMITED 
The Metal Box Company Limited requires 


TWO PROJECT ENGINEERS 


for its Electronics Section at Alperton (West London) 
initially to work on circuit design utilising electronics 
techniques in industrial processes. 

These are opportunities to contribute initiative and 
originality with prospects of rapid advancement. 

Applicants should have degree or equivalent, with 
2-5 years experience in the electronics industry. Contribu- 
tory pension scheme. Applications to 


Head of Staff Division, 
The Metal Box Company Limited, 
37 Baker Street, London, W.|, 
quoting reference MSE/2. 











Experience of pulse circuits and a sound fundamental knowledge of 
oscilloscopes is essential. 

Preferably applicants should possess a degree in electrical engineer- 
ing or physics or equivalent qualifications and be within the age range 
25 to 40. 

Salary will take into account experience, qualifications and age 

Send brief resume of experience, qualifications, etc., to:— 


Group Personne! Services, 


THE ENGLISH ELECTRIC COMPANY LTD. 
English Electric House, Strand, London, W.C.2. 


quoting ref. EE 1590D. 
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FURTHER VACANCIES EXIST IN PROJECT TEAMS WORKING ON 
THE DEVELOPMENT AND PRODUCTION OF TRANSISTOR CIRCUITS 
FOR COMPUTER STORAGE SYSTEMS. 


These vacancies will suit young men ambitious to gain experience in an 
expanding field of electronics. 

Applications will be considered from men’ holding the Ordinary or Higher 
National Certificates or their equivalent, or having practical experience in 
electronics—particularly transistor circuitry. 

The posts carry good salaries, excellent conditions of employment and 
first class prospects of advancement. 


JUNIOR 
ENGINEERS 
AND 
TEGHNIGAL 
ASSISTANTS 


Write in confidence to: THE PERSONNEL OFFICER, 
THE MULLARD RADIO VALVE CO. LTD., 


New Road, Mitcham Junction, Surrey. 





“Mullord” is the Trade Merk of Mullard Ltd. 


( Plessey 


ELECTRONIC 
ENGINEER 


Candidates must have recognised technical qualifications. 
The post would be suitable for a man with aircraft elec- 
tronics experience who is capable of controlling a section, 
and offers him an assured future. 

A generous and progressive salary will be offered. 
Please apply giving full particulars, to the Personnel Manager, 
The Plessey Company, Vicarage Lane, liford, Essex. 


A senior electronic engineer is 
required to undertake original work 
on a series of new projects 
employing solid state devices 


ELECTRONIC ENGINEERING 


Quoting Reference PC/EC/TA 





HARPENDEN, HERTS. 


MODERN AND FULLY EQUIPPED FREEHOLD 
RESEARCH LABORATORIES 


FLOOR SPACE ABOUT 13,000 sq. ft. 
on 2} ACRE SITE 


EXCELLENT CAR PARKING FACILITIES 
Apply :—Sole Agents, 
KNIGHT, FRANK & RUTLEY, 


20, Hanover Sq., W.|. 
Mayfair 3771. 
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REPRESENTATION IN FRANCE 





France’s Leading Distributor of Optical and Photographic 
Equipment is Desirous of Securing the Exclusive 
Representation of Electronic Instruments of Research, 
Control and Measure 


For the past 50 years, this company has represented Europe's 
leading manufacturers of optical precision equipment and has 
therefore developed a highly trained representative force in 

every major city and town in France. 


This efficient sales network has enabled us to not only give the products 
represented a most thorough and immediate presentation to the general 
public but has developed a large commercial outlet to all major hos- 
pitals, schools, scientific institutes and private industry establishments. 


mi 
FOR FURTHER INQUIRIES PLEASE WRITE TO: BOX W5075 











SENIOR & JUNIOR ST AF fc 


ENGINEERS & TECHNICIANS 


are required for new appointments to work on — RO K i oa M Ss? 


the development and production of a wide range 
of electronic equipment. Experience of one or 


more of the following would be an advantage. Take a Classified 


ELECTRONIC MEASURING a ‘ 
INSTRUMENTS . PULSE Advertisement in 


TECHNIQUES : SEMI- 
CONDUCTOR APPLICATIONS 


GOVERNMENT SPECIFICATIONS Hectronic Engineering 


Minimum qualifications O.N.C. level to degree or 


equivalent for senior appointments. Progressive, And solve your problems 


permanent positions, offering variety of work and 
scope for initiative and originality. Write giving 
full details to: Apply for rates to :— 


CHIEF ENGINEER, Electronic Engineering 


SPECIAL PRODUCTS (ELECTRONICS) DIVISION, ADVERTISEMENT DEPARTMENT 


UNITED COMPONENTS LIMITED 28 ESSEX STREET, STRAND 
EASTERN AVENUE WEST, ROMFORD, ESSEX LONDON, W.C.2 TEL. : CEN 6565 
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* Instant display on process-free photographic paper 
sk Interchangeable mirror galvanometers 
%k Trace writing speed 40,000 inches per second 


The N.E.P 1050 recorder is an invaluable aid to 
the static and dynamic analysis of stress, strain, 
vibration, pressure, displacement, heat transfer. . . 
or any physical or physiological phenomena 

that can be reduced to a change of electric current 
or potential. Frequency response and sensitivity 
can be changed in a matter of seconds with the 


N.E.P plug-in galvanometers. 


Galvanometer Frequency Responses: DC to 3,300 c/s 
Galvanometer Maximum Sensitivity: 1-6 « A/cm. 

Paper size: 120 mm. width—100 ft. length 

Paper speeds: 4 switch selected speeds with a maximum 


of 60 ins./sec. 
1 oO Ch l Optional items: trace identifier, reduction gearbox, 
aod 
anne timer, remote control. 


Delivery time: 3 weeks. Available as portable unit 


or standard 19” rack mounted unit. 


Recorders Please write for technical literature 


take the strain precisely! 


New Electronic Products Ltd 


MAKERS OF MEDICAL AND INDUSTRIAL INSTRUMENTS 
Head Office and Works 360 Kennington Road London SE 11 Reliance 5161 
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Hydraulic Variable Speed Gears 


Positive hydraulic drives providing smooth stepless 
speed variation over a 27/1 range with sensitive 
accurate control at all output speeds. 

Carter Gears are made in ten sizes suitable for 
variable speed drives from fractional up to forty 
horsepower. They will transmit a constant output 
torque throughout the entire range and may be 
used to accelerate a drive from zero r.p.m. up to 
the required running speed. 

Remote Electrical, Lever and Handwheel controls 
are available and speed control setting adjustments 
can be made with the drive running or stationary. 


To obtain copies of current technical 
publications on the ten availa le izes, 
please write to us quoting refzre .ce 661. 


_ 


CARTER GEARS LIMITED. 
Ps rmokers of Hydraulic Infinitely Variable Speed Gears 


Bradford 3. Yorkshire. England. Phone: Bradford 64378 
EE 31 262 for further details 
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If you’re expanding 
then you're borrowing 


More permanent capital is what you need — 
ICFC can provide long-period loans on fixed terms, 
and share capital, to businesses in Great Britain 


Set up by the English and Scottish banks in 1945, 
Industrial & Commercial Finance Corporation Ltd 
has provided £70 million to nearly 1000 companies 





‘CAPITAL FOR BUSINESS’ 
which explains what the Corporation can do 
will be sent on request 


LONDON 
7 Drapers’ Gardens, EC2 National 8621/5 


and branches in industrial centres 
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HUNTS HIGH-K CERAMICS 


“Plaquette” Type GS-30v D.C. Wkg 





CHARACTERISTICS 
POWER FACTOR (at 100kC/S at 25°C) <400.10 
INSULATION RESISTANCE > §,000M 
CAPACITANCE TOLERANCE at 25 C +80% -20% 











CLASS Y Between -10 C and +70 C the capacitance remains 
at -85% and +20% with respect to the capacitance value 
at 25 C. 

CLASS X Between -10 C and +70 C the capacitance remains 
at -60°. and +30" with respect to the capacitance value at 
25 C. Connections pre-formed for printed circuit applica- 
tions available to special order. Marking according to the 
international colour code. The capacitance tolerance is not 
marked. 














TYPES AND SIZES 





Capacitance in Dimensions in 
Millimetres 


Picofarads A B 


Type 
Numbers 





c 

4,700 6 6 3 GSX 706 
10,000 10 610 3 GSx 710 
25,000 10 610 3 GSY 710 
50,000 2 12 3 GSY 712 
100,000 is 15 3 GSY 715 




















Manufacturers of capacitors of all types 
and for all applications 
TYPES 
DRY ELECTROLYTIC * METALLISED PAPER (HUNTS PATENTS 
‘ METALLISED PLASTIC FILM (HUNTS PATENTS) 
PLASTIC FILM * FOIL AND PAPER * SILVERED MICA 
STACKED MICA * CERAMIC * POWER CERAMIC 
TRANSMITTING AND SPECIAL R.F. TYPES 
S APPLICATIONS 
RADIO AND TELEVISION EQUIPMENT * ELECTRONIC EQUIPMENT 
POWER FACTOR IMPROVEMENT * CAPACITOR MOTORS 
FLUORESCENT LIGHTING * PHASE SPLITTING 
H.F. AND R.F. HEATING 
IGNITION AND INTERFERENCE SUPPRESSION 
accisresto TELEPHONE INSTALLATIONS 





S 


A. H. HUNT (Capacitors) LTD. 
WANDSWORTH, LONDON, S.W.1I8 VANdyke 6454 


Factories also in Essex, Sussex, Surrey and North Wales 
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EE 31 004 for further details 


Quite a problem ae 


AE i 
il Bll 
il 
| | 

We can't afford 


bottlenecks—specially at the 
soldering stage. 





Planning a new product ? 
Using a new process ? 
The problems of electrical jointing, including 
those concerned with printed circuits, can be 
Ma ! solved for you—free of charge by the new service 
i; | 7 that Fry’s offer Industry 
| lt “The Solder Advisory Bureau.”’ 


},! , ; 
W Whatever your soldering problem, send it to 


Fry’s. Their Confidential report is completely 


free and contains expert recommendations. 


FRY’S METAL FOUNDRIES LTD. 


Manufacturers of Quality Solders & Fluxes 


and suppliers of 


FRYS FLOWSOLDER EQUIPMENT 
for automation in printed circuit 


soldering 
Tandem Works 
Merton Abbey 
London S.W.19 
Tel. Mitcham 4023 (7 lines) 


Branches at 
MANCHESTER «© GLASGOW » KIDDERMINSTER DUBLIN 
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